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MYSTERY 

NATURE  and  ART 

ONVAIL’D 

;  Shewing  what  Great  Things  may  be  perform’d  by  Me- 
|  chanick  Engines,  in  removing  and  railing  Bodies  of 
vaf- Weights:  with  little  Strength  or  Force;  andalfo 
the  making  of  Machines  or  Engines,  for  railing  of 
Water,  draining  of  Grounds,  and  feveral  other  Ufes. 


TOGETHER, 

With  a  Treatife  of  Circular  Motion  artificially  fitted  to  Media* 
nick  ufe,  and  the  making  of  Clock-work,  and  other  Engines, 
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A  Work  pleafant  and  profitable  for  ah  forts  of  Men,  from  the 
higheft  totheloweft  Degree:  And  never  treated  of  in  Etb 
ghjh  but  once  before,  and  that  but  briefly. 
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Prop.  VIII.  The  motion  of  a  Rope,  or  of  a  Bailor  Globe, faftned  to  the  end 
of  a  Rope  about  a  Cylinder,  isafpiral  motion  compounded  of  many  Cir- 

ClllcITS  *  ~  t  ^ 

Prof)  IX!  If  a  Globe,  or  Wheel,  be  moved  and  turn’d  about  on  a  crooked  fu- 
perficie  which  is  immoveable,  itmakesamixt  motion  from  a  double  cir- 

*  cular  ^9 

Prop .  X The  Spiral  motion  of  Sphaeres  may  be  explicated,  to  wit,  when  a 

Sphere  is  moved  by  a  motion  mixt  of  light  and  circular,  or  of  two  cir¬ 
cular  ones,  -  ,  r  n  .  171 
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circularly  about  the  Perpendicular  Axis,  unlefs  at  the  fame  time  it  be  im- 
<  prelfed  by  a  double  impetus  in  oppolite  parts,  ibid. 
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TH  E  Mechanick  Art  is  a  Science  which  contemplates  about 
the  quantities  of  moving  Forces,  and  of  the  times  in 
which  the  Motion  is  made. 

The  Centre  of  Gravity  of  any  Body  is  a  certain  point  with¬ 
in  it,  having  the  parts  about  it  every  where  confifting  of  equal 
moments  according  to  which  it  is  born  downward,  and  from 
whence  if  a  body  be  conceived  to  be  hung  by  a  Line  it  refteth 
while  it  bears  downward,  keeping  the  Pofition  which  it  had 
in  the  beginning,  and  that  Line  is  always  perpendicular  to  the 
Horizon. 

PFOFOS.  i. 

VArious  are  theEngins,to  which  if  force  be  ufed, their  ftrengths 
are  augmented  in  a  wonderful  manner,  fo  that,  that  which 
is  fit  to  overcome  the  reliftance  of  ioo  pound  weight,  may  be 
made fufficient  to  overcome  i  ooo  pound, yea, iooo  pound  weight, 
and  more  :  I  will  expound  this  Proportion,  which  cannot  be 
done  belter  than  by  limply  expofing  to  view  the  Engines,  whole 
forces  are  increafed  by  the  ftrength  of  their  movers,  and  we 
will  fhew  what  Experience  approves  in  common  Engins;  and 
becaufe  almofi  all  Authors  recal  the  other  Powers  to  the  Bal- 
.lance,  we  will  begin  with  it. 
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Of  the  Ballance. 

Y  the  Ballmce  we  underftand  an  iron  Rod,  hanging  neely 
jjia  the  middle  point  which  is  called  the  Beam,  or  Centre  } 
and  the  effedt  which  daily  experience  teaches  us  is  this. 

Fk.  i.  If  two  equal  Weights  fuppofe  of4  pound  each  be  hung 
in  the  points  A  and  B,  fo  that  the  lines  AC,  .CB  are  equ^, 
they  will  poife  each  other,  or  be  in  Eqmhbrto.  But  it  tne 
weight  F  be  never  fo  little  removed  from  the  Beam  or  Cock  C, 
fo  that  the  line  B  C  be  longer  than  the  line  A  C,  the  weight 
F  overcomes  and  raifes  the  weight  E ,  if  you  ask  why  thole  forces, 
are  increased  by  their  greater  diftance  from  the  Beam 
fo  that  the  diftance  augmentea  is  equivalent  to  the  v- eight  , 
that  is,  fuppofe  two  unequal  weights  E  and  G,  and  let  the  pi  o 
portion  oft  he  weight  E  to  the  weight  G,  be  the  fame  as  the 
diftance  C  H  to  the  diftance  A  C ;  and  that  the  weight  at  H  com- 
penfates  or  makes  amens  in  the  diftance  for  that  whica  it  warns 
in  the  Gravity  or  weight,  fo  that  they  foil  remain  m  juhhno, 

(  or  equally  poifed  )  therefore  it  is  queftioned,  whererore  the 
diftance  from  the  beam  administers  Efficient  Strength  to  it  to  re¬ 
fill  double  its  weight ;  which  is  fo  far  forth  a  truth,  that  if  the 
line  or  rod  C  H  being  produced  farther  in  certain  cm  mens, 
the  fame  weight,  fuppofe  one  pound,  will.  accoidmg  to  we  se¬ 
veral  diflances  equiponderate  to  any  weight,  01  numaei  o 
pounds  hung  in  the  point  A,  and  this  kind  of  Ba.Lnce  is  in  u  e 
every  v/here,  for  Butchers  weigh  their  meat  by  it,  and  Farmeis 
their  Hay,  &c.  Only  Note  this  one  thing,  which  in  ad  En¬ 
gines  ought  to  be  noted,  to  wit,  as  often  as  the  foice  of  the 
power  is  increafed  by  the  Engin,  fo  often  alfo  is  its  motion 
increafed  with  refpeft  to  the  motion  of  the  weighty  as  in  the 
former  example,  while  the  weight  G  is  at  the  diftance  C  H,  beine 
double  the  diftance  of  A  C,  all  things  being  fo  difpofed  it 
you  remove  the  weight  E  one  foot,  the  weight  G  mult  be 
removed  2  feet,  llnce  it  deferibes  an  Arch  doubly  greater,  or  as, 

great  again.. 

Of  the  Leaver .. 

'He  fecond  Engin  which  is  propofed  is  the  Leaver ,  which, 
is  a  firm  body  extended  in  length,  as.  a  Bar  of  Iron  or  a. 
wooden  Bar  of  firm  fubftance,  in  which  three  things  are  air 
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way  s  to  be  d  i  ft  in  gu  i  fh  ed  3  to  wit,  the  power  of  the  Movent? 
the  Weight  to  be  moved,  and  the  point  that  fuflains  the  Leaven 
which  is  called  Hypomocllon  or  Prop ,  being  nothing  but  a  Roller 
or  a  piece  of  Timber  or  Stone  laid  under  the  Leaver ,  to  flip- 
port  it,  even  as  in  the  Ballance  we  'diftinguiih  three  things,  to 
wit,  the  two  Weights  and  the  Beam  or  Cock  3  whence  it 
comes  to  pafs  that  the  Leaver  is  compared  to  the  Ballance.  And 
becaufe  the  Hypomocllon  may  pofiefs  either  the  middle  place  be¬ 
tween  the  power  and  the  weight,  or  it  may  be  in  one  of  the 
extreams  or  ends,  and  that  two  fold,  to  wit,  either  fo  that  the 
weight  may  pofiefs  the  middle  place,  or  elfe  the  power  may  be 
in  the  middle,  therefore  there  are  three  kinds  of  Leavers 

Fig .  2.  The  firft  kind  of  Leaver  hath  the  weight  on  one  end 
A,  the  Power  in  the  other  end  C,  and  the  Hypomocllon  in  the 
middle,  to  wit,  in  the  point  B,  and  if  the  power  happen  to  be 
equally  diftant  from  the  Hypomocllon ,  with  the  weight,  and  fo 
equally  moved  3  In  fuch  difpofition  if  the  power  can  of  it  felt 
and  without  an  Engin  move  100  pound,  and  the  weight  A  be 
juft  100  pound,  it  may  move  that  and  no  more  3  but  if  the 
diftance  B  C  be  greater  than  the  diftance  A  B,  fuppofe  double  to 
it,  and  being  fo  difpofed,  while  the  weight  is  moved  one  foot, 
the  Power  C  performs  2  feet,  then  the  fame  power  being  plac¬ 
ed  in  Cy  will  raife  or  overcome  200  pound  in  A. 

The  fame  proportion  in  a  manner  is  faid  to  be  in  the  fecond 
kind  of  Leaver ,  for  becaufe  the  diflance  D  F  exceeds  the  diftance 
D  Ey  therefore  the  power  placed  in  F,  will  be  increafed  accor¬ 
ding  proportion  of  the  line  D  F  to  the  line  D  E. 

The  third  kind  of  Leaver  increafes  not  the  force  of  the  Pow~ 
er,  but  rather  increafes  the  force  and  refiftance  of  the  weight, 
and  Mens  the  force  of  the  power  3  beeaufe  the  diftance  of  the 
power  H  from  the  Hypomocllon  G,  is  lefs  than  the  diftance  G  I 
of  the  weight  from  the  fame  Hypomocllon  3  and  confequently  in 
fuch  difpofition  the  power  is  lets  moved  than  the  weight. 

Of  the  Wheel,  or  Axis,  in  Peritrochio.  Fig.  3. 

THe  Wheel,  or  Axis,  in  Peritrochio  may  be  varioufly  ufed,  and  this 
Figure  exprefles  it  fufficiently,  The  power  will  be  in  the 
point  F,  and  the  weight  in  the  point  D  3  it  may  eafily  be  re¬ 
duced  to  the  Leaver  of  the  firft  or  fecond  kind  3  For  its  Axis 
A  B  hath  the  force  of  the  Hypomocllon,  and  becaufe  the  weight  is 
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in  D,  its  diftance  will  be  C  D  and  the  diftance  of  the  power  applied 
in  F  will  be  E  F ;  Therefore  the  adtive  force  of  the  power  will 
be  increafed  according  to  the  Ratio  or  proportion  of  the  line 
E  F  to  G  D,  that  is,  ifE  F  be  four  times  as  much  as  CD,.  and 
the  power  without  an  Engm  may  take  up  100.  pound  weight; 
it  being  added  to  fuch  an  Engm  may  take  up  or  draw  400 
pound  weight  ;  Here  we  (ball  offer  no  reafon,  but  expose  the 
precifc  effeft  and  experience ;  Wherein  we  would  note  one 
thing,  that  the  precife  diftance  from  the  Hyfomoclim  doth  not 
conferr  this  augmentation,  but  that  diftance  from  whence 
follows  the  greater  motion  in  the  power,  will  refpeft  to 
the  motion  ot  the  weight,  that  is,  if  the  Power  H  mould 
draw  by  the  rope  F  H,  the  diftance  H  E  is  not  to  be  re¬ 
garded,  but  only  F  E,  becaufe.  although  the  length  of  the 
rope  increafe  and  confequently  the  diftance  H  E ;  notwith- 
ftanding  from  that  diftance  it  doth  not  follow,  that  while  the 
weight  is  moved  one  foot,  the  power  is  moved  more  than, 

four  feet. 


Of  the  Pulley  or  Windlefs.  Fig.  4. 

THE  tingle  Pulley  increafes  not  force,  and  is  reduced  to  the- 
Leaver ;  not withftanding  being focompoled  that  the  diftance 
of  the  weight  and  of  the  Power  are  equal,  and  thefe  cbftances 
are  DB,  BE  from  the  immoveable  point  B;  and  fince  no 
Pulley  hath  motion,  but  about  the  Fixed  point  B,  therefore  the 
forces  are  not  increafed,  if  the  principle  we  profeente  be  corr- 
ftituted,  becaufe  the  power  is  as  well  moved  as  the  weight. 
The  only  benefit  that  accrues  from  the  Pulley  in  this  difpofition, 
is  that  the  power  may  be  more  eafily  applied,  and  to  fhun 
the  refiftance  which  may  happen  by  accident,  becaufe  the  rope 
being  turn’d  about  an  immoveable  Cylinder  is  fretted,  and. 

worn. 


The  Pulley  may  he  diffofed  after  another  manner * 

Fig.  5.  it  may  be  made  fo  that  the  whole  Pulley  may  move, 
fuppofing  one  end  of  the  rope  faftnedin  A,  and  the  weight*  G, 
the  Power  F,  and  this  is  commonly  reduced:  to  the  Second  kind' 
of  Leaver,  for  the  Hypemoclion  is  fuppoled  in  B,,  the  weight  G 
min  E*  and  the  power  F  is,  mD*.  and  therefore  the  diftance 
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of  the  power  is  double  from  the  Hypomoclion,  and  while  the 
weight  G  afcends  to  H,  the  Power  F  will  be  moved  to  a 


double  dillance  :  It  is  not  needful  here  to  /hew  all  rhe  Combi¬ 


nations  of  Pulleys ,  but  only  in  this  cafe  to  fhew  the  double 
force  of  the  power,  and  that  force  which  before  was  equal  to 
i  oo  pound  weight,  by  this  diipofition  may  be  made  equal  to 
200  pound  weight. 


Of  the  Wedge.  Fig.  6. 

|' 

THE  Wedge  is  an  Inftrument  made  of  follid  matter,  as  Iron  os 
Wood  ending  in  a  /harp  point  or  edge,  As  A  B  C  D  E  F, 
fome  Authors  drive  to  reduce  it  to  the  Leaver ,  in  which  we  are 
indifferent,  and  the  Wedge  feems  to  be  a  double  Leaver  of  the 
fecond  kind,  in  which  the  Hypomoclicn  is  in  the  line  G  H,  the 
weight  in  Rand  K,  the  Power  in  L  and  M,  but  how  ill  they 
have  refented  or  reduced  it,  we  will  fhew  hereafter ;  However 
it  be,  it  is  certain  the  force  of  the  Power  is  increafed  by  the 
fharpnefs  of  the  Wedge ,  and  the  accutenefs  of  the  Angle,  becaufe 
while  the  bodies  which  have  the  force  of  the  weight,  go  back 
from  one  another  by  the  line  R  K,  the  Wedge  is  moved  accord¬ 
ing  to  the  line  I  O  :  Add  alfo,  that  the  power  which  is  ftruck 
with  a  blow  on  the  head  of  the  Wedge ,  makes  a  greater  motion, 
than  the  Power  which  is  made  by  weight  lying  on  the  head  of 
the  Wedge , 

Of  the  Screw.  Fig.  7. 

THe  Screw  is  a  mod  powerful  Machine,  or  Engin,  and  is  a 
Cylinder  cut  with  a  wreathed  circle  about  it,  which  may 
be  varioully  conftituted  and  made  :  We  dial]  not  attempt  to 
reduce  it  to  the  Leaver ,  but  fis  certain,  that  one  man  v/ho 
can  alone  by  his  own  ftrength  raife  ioo  pound,  may  by  this 
Engin  fometimes  raife  10.000  pound.  For  let  the  weight  be 
be  D  E,  the  Power  C,  in  the  mean  while  that  the  weight  is, 
moved  according  to  the  dillance  which  is  between  two 
wreaths,  or  fpires  of  the  Saeiv,  it  is  necefiary  that  the  power 
placed  in  the  point  C  abfolves  or  fnidies  a  whole  Circle  5 
therefore  let  the  dillance  between  the  two  wreaths  be  equal 
to  the  line  N  Q>  then,  feck  how  many  times  the  line  N  Q  is.., 


rc 
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contained  in  the  circumference  of^the  circle  CKL,  if  ic  be 
contained  ioo  times,  the  motion  or  the  Power  will  be  a  hun¬ 
dred  fold  greater  than  the  motion  of  the  weight,  as  is  proved 
by  daily  experience. 


P  TiOPO  S.  IL 

AiiftotleV  Reafon y  why  the  forces  of  Powers  are  en- 
creafed  by  the  force  of  Engines 5  is  Examined. 

ARifiotle  is  the  find  that  we  know  of  that  attempted  this 3 
we  have  often  read  his  whole  Treatife  which  he  wrote 
of  Engles,  and  confefs  we  could  never  fufficiently  find  out  the 
univerfal  principle  of  Machines  or  Engines  :  For  he  attempts 
only  to  give  the  reafon  of  the  Ballance ,  and  reduces  the  Lea¬ 
ver  to  the  Ballance ,  and  the  other  Machines  or  Engines  he  ex¬ 
plicates  by  the  Leaver :  We  fhall  do  two  things,  Firft,  wefhall 
examine  the  Reafon  which  he  offers,  as  the  only  true  and  moil 
likely  for  the  Ballance  in  the  middle.  Secondly,  we  fhall  try 
whether  thofe  things  which  are  faid  concerning  the  Ballance , 
may  be  faid  of  the  Leaver ,  and  whether  thofe  things  that  be¬ 
long  to  the  Leaver ,  may  be  eafily  applied  to  the  other  Ma¬ 
chines,  or  Engines  :  For  he  propofes  forne  wonderful  things 
from  the  Circle,  and  adds,  that  thofe  things  which  are  done 
about  the  Ballance  are  to  be  referred  to  rhe  Circle,  and  thofe 
concerning  the  Leaver  to  the  Ballance,  and  all  other  Motions 
concerning  Engins  he  referrs  to  the  Leaver. 

Ariftotle  reafons  thus,  Every  Power  moving  to  the  centre  of 
the  World  is  born  down  by  a  right  line,  and  the  weight 
thrufts  forward,  or  the  weight  according  to  its  quantity  con¬ 
tributes  to  fuch  motion  3  but  when  weight  is  moved  in  a  Bal¬ 
lance  then  it  is  fuppofed  to  deviate  from  fuch  redtitude,  and 
by  deviation  it  breaks  off  and  retards  the  morion  prelling  for¬ 
ward  from  fuch  power,  and  by  how  much  more  the  motion 
produced  by  fuch  power  is  retarded,  by  fo  much  more  de- 
creafes  the  force  of  that  power  in  order  to  fuch  motion  3  but 
becaufe  that  which  is  neareft  the  Beam  or  Cock,  is  aifo  neareft 
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the  retaining  principal',  and  deviares  more  from  right  motion  i 


therefore  the  moving  power  being  applied  in  a  point  near  the 
Cock,  lofes  more  of  its  force  j  and  that  which  is  more  diftant 
from  the  centre  or  cock,  partakes  Ids  of  motion  3  befides  the 
nature  of  that  motion  comes  nearer  10  right  motion,  and  there¬ 
fore  its  force  is  lefs  hundred  to  exercife  its  power,  wherefore 
that  weight  which  is  fartheft  diftant  from  the  Centre  iseafily. 
moved,  and  although  it  be  equal  to  the  other  weight  weighing 
againft  it,  and  left  diftant  from  the  centre,  it  will  be  moved 
more  eafier,  which  to  make  more  plain  he  inftitutes  a  geometri¬ 
cal  Demonftration  in  this  manner  : 

Fig.  8.  Let  the  Iron  rod  A  B  be  the  Ballance,  the  Beam  or 
Cock  A,  about  which,  as  about  a  Centre*  the  whole  rod  A B 
is  moved  j  and  let  the  weight  be  B  which  defcendeth  by  force 
of  its  own  weight,  and  deicribes  the  arch  BH;  aifo  let  there  be 
another  weight  C,  which  while  it  defcendsby  its  own  gravity  is., 
confider’d  according  to  the  difpofition  of  the  Ballance,  to  de- 
feribe  the  arch  CDY,  lefs  than  the  arch  BEH:  Suppofe  the 
weight  C  to  defcend  to  the  point  D,  and  draw  the  line  D  E, 
which  let  be  parallel  to  the  line  AB,  Suppofe  the  weight  B  to 
defcend  to  the  point  E,  fince  the  natural  motion  of  heavy  things 
is  perpendicular,  the  lines  F  E,  G  D  meafure  the  natural  mo¬ 
tion  of  the  bodies  or  weights,  or  the  motion  which  is  accord¬ 
ing  to  their  Nature  5  But  the  lines  C  G,  F  B  meafure  the  preter¬ 
natural  motion,  to  wit,  by  whofe  force  they  are  retraced  from 
their  lines  of  Direction,  or  perpendicular  lines  3  but  F  B  is  lefs  than 
C  G  j  for  if  equal  right  lines  fall  perpendicularly  on  the  Seme-di¬ 
ameter  of  unequal  Circles,  that  which  is  in  the  greater  circle 
cuts  of  the  lefler  part  becaufe  the  greareft  circle  is  lefs  crooked: 
Therefore  while  thofe  two  weights  have  an  equal  natural  mo¬ 
tion,  that  which  is  fartheft  diftant  from  the  Centre  hath  leaft  of 
the  preternatural  motion,  therefore  the  eafier  moved,  and  there¬ 
fore  hath  greater  force  to  move  the  other,  and  confequently 
comes  to  E  in  a  fhorter  time,  than  the  weight  G  comes  to  D. 

Moreover  he  adds,  becaufe  the  motion  of  weight  is  equal 
in  each,  the  motion  which  is  according  to  nature  is  in  it  Telf 
the  fame  to  preternatural  motion,  but  it  only  then  happens  when 
in  the  fame  time  that  C  comes  to  D,  in  the  fame  time 


B  comes  to  L  j  for  then  drawing  the  line  I  L  perpendicular,  k 
will  be  as  I  L  to.  I  B,  fo  D  G  to  G  C  5  in  the  Triangles  A  G  0, 
A  L  I  (by  Prop.  4*  El,  6.)  fo  is  I  L  to.  A  13  as  G  D  to  A  Gg  and  as 
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A  D  or  A  C  to  AG  or  A  K,  fo  is  A  B  to  A  I,  therefore  by  divi- 
fion,  it  will  be  as  I  L  to  I  B,  fo  G  D  to  G  C:  When  therefore 
it  happens  only  in  the  point  L,  that  the  proportion  aforefaid 
is  kept  while  the  point  C  comes  to  D,  the  point  B  will  come 
to  L,  therefore  B  is  moved  more  fwiftly.  Thefe  are  Ariftotle  s 
Words,  Quam  igitur  ob  caufarn  ab  eddem  potent! a  celerius  fertur,  id 
quod  plus  a  centro  diflat)  ex  iis  quae  dicta  Jnnt  eft  manifeftum.  And 
Quefiion  3d.  he  fays,  Quoniam  autem  ab  aequali  pondere  celerius 
movetur  eorum ,  quae  a  centro  funt  3  duo  uerb  pondera  quod  movet ,  eft 
quod  movetur  \  quod  igitur  metum  pondus ,  ad  movens  lonftitudo  pati- 
tur  ad  longitudmem ,  Jemper  autt?n  quanto  ab  Hypomodio  diftablt  ma~ 
gis  tanto  facilius  movebit. 

Many  things  are  wanting  in  this  Demonftration,  Firft,  be- 
caufe  the  weight  B  is  more  eafily  moved  ;  he  concludes  alfo, 
that  it  hath  greater  force  to  move  the  oppofite  weight,  but  whe¬ 
ther  he  hath  alligned  the  true  caufe,  the  comparing  of  the  caufe 
with  the  efteeft  will  fhew ;  which  that  we  may  confider,  we  fup- 
pofe  the  line  A  B  to  be  double  the  diameter  A  C,  therefore  G  C 
will  not  be  double  of  the  line  F  B,  therefore  will  not  the  preter¬ 
natural  mixt  motion  in  the  weight  C,  be  double  to  the  preter¬ 
natural  mixt  motion  in  the  w eight  B,  and  therefore  that  caufe 
is  not  moft  likely  and  true  from  whofe  Comparifon  the  propor¬ 
tion  of  the  effedl  and  caufe  is  not  ftiown  :  For  it  is  cer  tain,  that 
the  weight  of  1  pound  in  the  point  B  will  be  equivalent  to  the 
weight  of  z  pound  placed  in  the  point  C  or  T  5  Whence  we 
deny  this  conclufion  can  follow  from  that  antecedent,  that  the 
weight  which  is  fartheft  diftant  is  eafieft  moved,  therefore  if  it 
be  diftant  a  double  diftance,  it  w  ill  obtain  a  force  doubley  great¬ 
er  ;  and  neither  do  Mathematicians  deduce  their  conclufions 
after  that  manner ;  although  while  the  diftance  increafes  the 
facility  to  motion  fhould  increafe,  it  doth  not  follow  that  it 
increafes  in  the  fame  reafon  or  proportion :  And  fo  we  deny 
the  facility  to  motion  of  the  weight  in  B  to  be  double,  to  the 
facility  to  motion  which  the  weight  hath  in  C;  becaufe  that 
contrary  which  is  mixt  in  G  is  not  double  to  the  contrary  which 
is  found  in  B. 

Secondly,  Ariftotle  fpeaks  of  the  fwiftnefs  of  Motion ,  and 
from  the  Swiftnefs  he  concludes  to  th ePcwer  moving,  which 
we  fhall  ft  tew  to  be  falfe.  It  is  certain,  that  if  two  Weights 
fhould  be  fucceflively  in  the  point  B,  one  of  one  pound,  and 
the  other  of  two  3  nevenhelels  they  will  be  equally  or  with 

equal 
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equal  velocity  moved  downwards,  'il  they  are  of  the  lame  mat¬ 
ter  and  figure,  or  if  there  be  found  Tome  difference,  Ac  will  not 
be  in  proportion  to  the  weights;  Wherefore  although  we 
fhouid  grant  the  weight  B  to  be  moved  with  a  velocity  double 
to  C,  yet  notwithftanding  the  force  of  his  reafoning  doth  not 
conclude  it  to  have  greater  force  to  move  the  other. ' 

Thirdly,  what  is  faid  in  demonftrating  the  weight  B  to  be 
moved  with  a  double  velocity  or  fwiftnefs  to  C;  he  either  un- 
derflands  while  they  are  joined  in  the  fame  ballance,  or  he 
underftands  it  while  they  are  feperate  and  in  two  balances- 
If  he  means  the  firft,  there  was  no  need  of  fo  much  reafoning 
neither  doth  that  preternatural  mixt  motion  help  any  thing 
But  if  thefe  two  weights  are  lookt  upon  as  Seperate,  or  in 
divers  ballances,  that  we  may  examine  what  force  they  have 
it  is  falfs  that  that  which  is  fartheft  diftant,  is  moved'  with  a 
double  Swiftnefs.  Ariftotk  knew  not  the  doCtrine  of  Pendulums , 
for  the  {winging  of  divers  Pendulums  are  perform'd  in  equal 
time,  to  wit,  it  in  the  fame  time  that  the  weight  B  being  left 
rents  own  nature  comes  to  L,  in  the  fame  time  the  weight  C 
will  come  to  D,  alfo  they  abfolve  each  his  quadrant  in  the 
lame  time;  Notwithftanding  if  there  be  two  pendulums  C  and 
B,  and  the  Swinging  of  the  weight  B  be  longer  than  the  Twing¬ 
ing  of  the  weight  C,  fo  that  if  the  lelfer  dure  a  minutes, the  other 
weight  B  takes  up  almoft  3  minutes  in  perfecting  its  vibration  • 
Whence  howfoever  he  explicates  this  Demonftration,  he  wavers 
in  all  things  and  is  far  from  Mathematical  conviction.  More¬ 
over  we  will  fliew,  that  although  the  demonftration  have  fome 
force  in  that  part  of  the  Circle,  yet  it  obtains  none  in  others- 
for  in  the  firft  place  let  the  lines  O  H,  Y  K  be  equal,  and  draw 
the  parallel  lines  K  R,  OP;  It  is  certain,  that  O  P  is  greater 
than  K  R,  therefore  if  there  be  a  weight  in  R  and  another  in 
P,  one  defeends  in  Y  and  the  other  in  H,  the  preternatural 
motion  will  be  more  in  the  weight  more  remote,  notwith¬ 
ftanding  in  this  cafe  the  weight  which  is  at  greater  diftance, 
obtains  greater  force  ;  therefore  that  which  hath  greater  force,’ 
is  nor  begat  from  the  lelfer  mixture  of  preternatural  motion  ; 
which  may  better  be  perceived  in  the  points  3  and  S;  for  if 
the  Weight  3  move  to  S,  and  the  weight  X  to  T;  the  lines  V 
T,  S  Z  mcafure  the  preternatural  motion,  and  the  lines  V  X, 

%  the  natural  motion,  and  the  weight  X  ieaft  diftant  from  the’ 


Centre  or  beam 


win  be  inure  moved  by  the  natural  motion  than 
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the  weight  i,  and  therefore  eafier,  whence  it  obtains  greater 

Lv  -J 

Whofo  diligently  confiders  the  parts  of  each  quadiant,  will 
find  this  mixture  of  contrary  or  pretematutal  motion  to  be 
lefs  in  the  lefler  circle  than  in  the  greater  ;  and  me  reafon  is, 
btecaufe  although  towards  the  Diameter  A  d  the  gi  eater  Ciicle 
comes  nearer  to  a  vertical  line,  yet  towards  the  character  R  H 
it  comes  nearer  to  an  horizontal  line,  andfo  much  for  the  firft 

part  of  this  Propolition.  , 

Fir  o  That  which  belongs  to  the  fecond  part  of  the  iame 

Propolition,  to  wit,  although  we  grant  that,  which  Arifiotu 
affirms  for  the  truecaufe,  why  in  the  balance  the  weight  moft 
clilfant  from  the  centre  hath  greateft  force,  to  wit,  that  it  hath 
lefs  of  the  contrary  or  preternatural  .motion,  yet  notwithftand- 
ing  we  do  not  find  the  reafon  to  be  the  fame  for  the  Leaver. 
For  the  power  A,  may  move  Circularly,  fo  that  it  have  nothing 
of  Preternatural  motion,  fince  the  power  of  an  Ammal  is  in¬ 
different  to  any  different  place;  therefore  fince  it  hath  no  pre¬ 
ternatural  motion  admtxt,  the  force  of  the  greater  Circle  doth 
rot  move  eafier  than  the  lefler,  which  notwithstanding  is  con- 


trary  to  all  experience.  .  ,  .  .  ,  T) 

Secondly  that  kind  of  Leaver  only  in  which  the,  Vrop  or 

Hypomoclion  is  found  between  th c  Power  and  the  Weight,  may 
properly  he  reduced  to  the  Ballance,  but  the  othut  kinds  not  ; 

Id  properly.  ,  .  ,  .  ,  ^ 

Thirdly  there  are  divers  Machines  or -.Engms  which  are  diffd 

cult  to  reduce  to  the  Leaver,  and  by  that  means  to  the  Ballance ; 
and  firft  for  the  iPedge,  We  ask  whethei  theie  be  a  Prep  or 
Hypomodm,  and  to  what  kind  of  Leaver  it  is  reduced  ?  Wham 
Circle  is  deferibed  from  it  ?  What  is  its  preternatural  motion  ? 
What  its  natural  morion  ?  Surely  there  is  in  the  Wedge  the  im~ 
preffion  of  the  w?eights  refiftance  to  be  exercifed  in  the  puts  ,n 
which  the  body  touches,  as  in  K  R  ;  We  ask  in  what  point,  is  - 
the  Prop  ?  Where  the  length  of  the  Leaver,  W  hich  it  it  be  in- 
creafed  according  to  the  common  rules  of  the  Leaver  the  Vir¬ 
tue  of  the  Power  will  be  increaft?  If  his  faid  the  point  of  it 
is.  the  Prop,  we  will  fhew  his  not,  becaufe  it  the  point  of  the 
IVedge  ftiauld  be  cut  off,  yet  neverthelefs  the  Wedge  would  have 
its  whole  force;  If  his  faid  the  line  KL  is  the  length  of  the 
Leaver,  his  fait,  becaufe  although  that  length  be  cut  ihorter,yt  r 
nC‘t'A'ithft(Uiding  the  virtue  of  dividing  is  uot  deminifht  which  is 
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in  the  therefore  which  way  foever  you  turn  the 
you  will  fcarce  reduce  it  to  the  Leaver. 

Fourthly,  Much  lefs  do  we  own  the  com  pari  fan  of  the  Lea¬ 
ver  in  Screws,  which  may  rather  be  reduced  to  the  Wedge 
^  for  if  you  own  the  Axis  of  the  Cylinder,  about  which  the 
fcrew  or  fpire  is  circumvolved  to  be  the  Hjpomoclicn.  The  di- 
fiance  of  the  Spires  or  Screws  from  that  Axis,  will  be  the  difence 
ol  the  weight  from  the  Hypomcclion ,  according  to  which  di¬ 
fence  the  refiling  power  of  the  Weight  is  meafured,  whence  it 
follows  in  the  Screw,  the  Cylinder  that  is  lefs  than  the  other 
pairs,  more  eafily  overcomes  the  refinance  of  Weight,  which 
neverthelefs  is  falfe:  For  neither  is  this  the  meafure  of  the  re- 
f  fence  of  the  Weight,  or  the  virtue  exifting  in  the  Screw,  but 
ought  to  be  deduced  from  other  principles,  to  wit,  from  the 
■comprefBon  of  the  Spires,  for  when  the  Spires  or  Helices 
are  more  thick  or  clofer  together,  the  ftronger  and  more  po\y- 
eriul  are  the  Screws  j  Therefore  we  mud  feek  another  princi¬ 
ple  of  Machines  or  Engins  more  clear  and  eafie,  which  being 
once  conftituted,  the  power  of  every  Machine  or  Engine  well 
be  unfolded,  and  the  proportion  of  it  to  the  refiling  force  of 
the  Weight  will  be  detected. 


-  PROP  OS,  III. 
Archimedes  reafon  Examined . 
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%•  A  Rchimedes  in  his  fxth  Propofition,  Equiponderant 
/a-  tium^  and  many  others  after  him,  have  attempted 
to  efeblifh  as  the  chief  principle  of  Machines  or  Engins,  that  in 
the  Ballance,  if  the  Weights  and  their  difence  from  the  Centre 
be  reciprocal,  they  contifl  and  counterpoife  each  other. 

In  the  firil  place,  we  referr  this  to  be  fettled  by  the  reverend 
Father  Leotanudus ,  and  what  power  his  demonstration  may  ob¬ 
tain  j  fuppofe  A  B  to  be  a  Rod  <  t  a  like  weight  in  every  parr, 
and  divided  in  the  middle  in  C,  and  underhand  C  to  be  the 
Centre  of  Gravity,  and  C  D  to  be  drawn  through  perpendi¬ 
cular  to  it  y  by  the  point  D  draw  an  iron  rod  D  E,  which  let 
be  fo  alike  tor  weight  as  to  confider  it  wanting  all  weight,  and 
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let  D  E  be  greater  than  the  half  of  C  B,  and  make  G  D  equal 
to  I  B,  and  H  K  equal  to  the  line  A  H;  when  the  lines  C  I  and 
I  B  (  equal  to  H  C  j  are  added,  H  I  and  C  B  will  be  equal,  arid 
fo  H  I  will  he  equal  to  the  half  C  B,  and  the  remains  A  IT, 

I  B  together  are  equal  to  the  other  half  3  and  becaufe  A  H,* 
H  K  are  equal,  being  taken  from  the  two  equal  aggregates 
H  K,  K  I,  A  H,  IB,  the  lines  K  I,  IB  will  be  equal.  Let  two 
Threds  or  Lines  H  G,  I  E  hang  up  the  rod  A  B,  and  fatten  it 
to  the  rod  G  E  in  the  point  D,  which  anfwers  the  Centre  of 
gravity  C,  the  line  from  Whence  his  hung  up  being  perpendi¬ 
cular  with  the  line  D  C,  anfwers  to  the  Centre  of  gravity  C  3 
A  B  will  remain  equally  poifed,  or  in  Equilibria.  . 

7 he  Demonftration.  Let  the  Rod  A  B  be  really  divided  in  the 
point  K,  that  is,  feperate  the  Union,  or  cut  it  in  two.  Firft, 
fince  A  H,  H  K  are  equal,  neither  will  preponderate  or  out 
weigh  the  other ;  moreover  fince  K  I,  IB  are  equal,  neither 
will  prevail,  wherefore  as  yet  they  will  remain  in  Equilibria^ 
therefore  the  whole  line  will  remain  in  the  fame  manner  as  be¬ 
fore,  being  hung  by  the  fame  point  D,  therefore  as  yet  the 
whole  line  willbein  Equilibria :  But  fo  is  the  dillance  H  C  of 
the  weight  A  K  from  the  Centre,,  to  C  I  the  diftance  of  the 
letter  weight  K  B  from  the  fame  Centre,  as  the  weight  K  B  to 
the  weight  A  K  ;  for  fo  is  A  K  to  K  B,  as  its  half  H  K  or  C  I 
is  to  K  1,  or  H  C  its  equal  $  therefore  we  have  this  in  Equili¬ 
bria  while  the  whole  weight  A  K  is  to  the  weight  K  B,  as  the 
diftance  EC  to  the  dillance  H  C  reciprocally,  which  was  to  be 
demon  ft  rated. 

We  will  confider  hereafter  whether  this  Demonftration  con¬ 
vinces,  and  attumes  nothing  as  now  proved,  which  notwithftand* 
ing  fhould  be  demonftrared. 

Fig.  1 1.  Archimedes  a  little  after  endeavours  to  prove  this  fome- 
what  otherwife,  and  he  fuppofes  the  Iron  Rod  to  be  A  B,  and 
he  fubftra&s  from  its  gravity  that  which  is  hung  in  the  middle 
point  Gq  he  hangs  6  equal  weights,  here  3  and  there  3.  at  e- 
qual  diftances,  his  clear  that  they  are  in  Equilibria ,  he  fuppo- 
feth  alfo  that  all  thefe  weights  are  alike,  and  equidiftant  be¬ 
tween  themfelves :  Alfo  he  fuppofes  any  weights  to  gravitate 
and  operate  in  the  fame  manner,  as  long  as .  they,  retain  the 
fame  common  centre  of  gravity. 

The  Demonftration  is  clear.  In  cafe  the  weights  be  diftribu^ 
bated  according  to  the  difpolitioa  unfolded,  before  which  com^ 
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mon  centre  of  gravity  of  all  the  weights  together  will  be  in  G; 
but  if  yon  confider  4  weights  BCDfi  whole  centre  of  gravi¬ 
ty  will  be  in  the  point  I,  and  the  centre  of  gravity  of  the 
weight  F  L  is  in  H ,  wherefore  the  weights  will  gravitate  in 
the  fame  manner,  howfoever  they  are  difpofed^  they  keep  in  a 
manner  their  centre  of  gravity  in  the  fame  point  H  ;  therefore 
conjoin  the  weights  F  and  L  in  the  point  H,  and  conjoin  the 
4  weights  B  €  D  E  in  the  point  I,  or  fo  about  the  point  I,  that 
their  centre  of  gravity  may  be  the  point  I. 


Fig.  11.  All  thefe  weights  will  gravitate  in  the  fame  man¬ 
ner  in  this  difpofition,  as  in  the  former;  But  in  the  former 
they  were  in  Equilibro ,  therefore  in  this  fecond  difpofition  they 
will  be  in  Equilibro  :  But  in  the  fecond  cafe,  fo  is  the  weigfct 
BCDE  to  the  weight  F  L,  as  the  diftance  G  H  to  the  diftance 
G  I  therefore  it  will  be  in  Equilibre^  when  as  weight  is  to 
weight,  fo  is  diftance  to  diftance  reciprocally. 


Thefe  Demonftrations  are  ingenious,  but  they  do  but  flip— 
pofe  thofe  things  to  be  the  principles  of  Engins  which  is  fought: 
For  firft  of  ail  in  both  Demonftrations  he  mentions  the  centre 
of  gravity,  but  it  is  not  known  what  that  centre  is,  and  tins 
centre  of  gravity  can  hardly  be  proved,  unlefs  there  be  confti- 
tuted  a  common  principle  of  Engws  3  In  the  firft,  although  it 
feems  clear  enough  that  the  divifion  being  made  in  the  point  K, 
the  lines  AK,  KB  lie  in  a  diredt  line,  becaufe  that  both  parts 
AH,  HK  and  KI,  IB  are  equal 3  Notwithftanding  it  doth  not 
appear  to  me  that  they  ponderate  in  the  fame  manner,  the  di¬ 
vifion  being  made  as  before  :  For  the  part  CK  before  the  divi- 
fion,  exercifed  its  gravity  with  the  other  part  K  B,  and  as  I 
may  fay,  was  ftaid  by  its  parts  :  But  the  Union  being  loofed,  it 
exercifes  now  its  own  gravitation,  together  with  the  other  part 
A  C3  Whence  although  it  were  before  in  Equilibrio ,  it  follows  . 
not  that  it  being  feperated  the  Equilibrium  remains* 

I  fay  the  fame  of  Archimedes  demonftration,  for  I  cannot  grant 
that  weights  have  the  fame  manner  of  gravitations  they  IhoufcFi 
have  among  themfelves,  and  the  fame  gravitation  they  fhould 
have  refpeftively  to  another  weight,  fo  often  as  they  change 
not  the  proper  centre  of  gravity  :  If  in  one  cafe,  one  of  them : 
will  be  found  on  one  part  of  the  centre,  and  in  the  other  it  will  s 
decline  to  the  other  part  3  that  is,  tis  doubted  whether  the 
weight  E  tranfported  in  I  being  united  with  other  weights  B  G 
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D  In  the  fame  point  I,  hath  the  fame  force,  and  not  greater,  or 
lefler. 


And  that  we  may  f hew  the  Principle  fought,  the  definition 
of  the  Centre  of  gravity  is  commonly  thus  given,  to  wit,  ’ris 
the  point  dividing  the  heavy  body  in  two  parts  of  equal  mo¬ 
ments,  but  moment  is  nor  limply  the  weight  of  body,  but 
grows  together  from  the  weight  and  diflance,  therefore  to  the 
undemanding  of  the  Centre  of  gravity  the  confirmed  principle 
is  fupgofed,  whofe  reafon  we  feck ,  •why  Why  weights  by  rea- 
fon  of  their  greater  diflance  from  the  centre  have  alfo  greater 
force  to  move. 


P  ROP  OS. 

The  true  Reafon  of  increasing  power  by  Engins. 

Fig.  ii .  ^CTOne  will  require  of  us  a  ftridl  demonflration  here, 
JlN  becaufe  we  are  bulled  in  phifick  matter,  and  we 
inquire  the  principal  of  natural  and  fenfible  motion,  which  per¬ 
haps  will  not  prefently  occur  ;  one  thing  I  muft  fay,  that  al¬ 
though  I  do  not  effedl  the  thing,  yet  by  removing  things  out 
of  the  way,  I  fhall  open  a  door  to  let  into  it  5  therefore  I  fhall 
attempt  many  methods,  that  fo  if  one  arrive  not  at  it,  I  may 
make  way  for  another :  Firft,  in  the  ballance  I  will  endeavour 
to  fettle  that  common  maxim,  while  the  weights  and  diflances 
from  the  Centre  are  reciprocal  it  is  in  Equilibro  3  As  if  in  the 
ballance  A  B  the  weight  A  of  two  pound  is  to  the  weight 
B  of  one  pound,  as  the  diflance  C  B  of  two  feet  to  the  diflance 
AC  of  one  foot*  If  from  a  piece  of  timber,  you  hang  a  bak 
lance  from  the  point  C,  to  be  in  Equilibrio ,  fo  that  you  remove 
it  fo  far  from  the  Centre  to  anfwer  the  addition  that  fliould 
be  made  to  the  weight,  that  is,  if  the  weight  of  one  pound 
hang  in  the  point  D,  and  in  A  a  weight  of  2  pound,  to  make 
them  in  Equilibro  the  fame  weight  fhould  be  added,  and  in 
dead  of  the  fame  weight  you  may  add  the  fame  diflance,  or  fo 
remove  it  from  the  Centre  that  C  B  be  double  to  CD;  Thus  a 
weight  of  1  poundbeing  placed  in  B,it  will  be  again  in  Equilibro. ; 
experience  fhews  this,  but  the  reafon  is  to  be  fought. 
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Firft,  I  ftippofe  any  heavy  body  to  redd  a  motion  upward* 
and  the  greater  it  is,  the  greater  motion  it  will  refid  3  fo  thac 
a  greater  violence  or  force  is  required  to  move  upwards  a 
weight  of  i  pound  the  fpace  of  two  leer,  than  to  raife  the  fame 
weight  but  one  foot  high,  or  at  lead  it  requires  a  force  to  be 
applied  of  a  longer  continuance  of  time. 

Secondly,  I  fuppofe  while  the  weight  is  moved  downward, 
the  weight  on  the  other  part  of  it  may  move  fomewhat  up¬ 
ward,  fo  that  it  may  overcome  the  1  didance  which  the  oppo¬ 
site  weight  hath  to  motion  upward  5  alfo  while  a  weight  is 
moved  more  down  or  lower,  it  produces  a  greater  Impetus,  to¬ 
gether  with  that  motion  which  would  have  bin  if  the  motion 
had  bin  lefs;  this  lad  part  of  the  fuppofition  feems  hard,  there¬ 
fore  I  Shall  explain  it  more  largly. 

I  Suppofe  thirdly  fome  productive  caufe  of  motion  to  be 
given,  diftinCi  for  the  mod  part  from  the  principal  agent  to 
which  motion  is  afcribed,as  in  things  projected  or  caft  from  one, 
I  think  in  good  ThHofcphy  it  can  Scarcely  be  denied,  fuch  like 
caufe  b elides  motion  which  is  fuccefiive,  and  no  part  whereof 
exids  with  the  other,  and  therefore  the  other  cannot  be  the 
caufe,  for  every  effective  caufe  aCterh  not  but  when  it  exids. 
Therefore  while  its  aCtion  exids,  it  felf  alfo  exids,  and  while 
its  aCtion  exids  the  effeCt  exids  by  fuch  aCtion  produced :  There¬ 
fore  while  any  effeCt  is  produced  and  exids,  its  caufe  exids,  hue 
while  one  part  of  motion  exids,  another  part  exideth  not,  there¬ 
fore  one  part  of  motion  cannot  be  produced  from  another,  and 
therefore  another  caufe  of  motion  ought  to  be  admitted,  but 
this  caufe  is  not  the  principal  agent  to  which  motion  is 
attributed,  for  fird  in  things  projected,  the  hand  which  throws 
the  done  is  not  any  more  join’d  with  the  done  in  conveying 
it  through  the  air,  and  therefore  produces  nothing  further, 
neither  can  that  be  attributed  to  air  that  fome  do,  to  wit,  that 
the  hand  while  it  Impels  the  Stone,  impels  likewife  the  conti¬ 
guous  air,  and  that  air  other  air,  untill  it  make  a  Circulation, 
and  this  lad  air  carries- the  Stone  farther ,  but  on  the  contrary, 
in  the  fame  precife  Moment  and  time  wherein  the  Stone  joined 
to  the  hand  moves  the  air  jud  before  it,  (  fince  Penetration  is 
not  granted  )  in  the  fame  rime  alfo  this  air  moves  the  follow¬ 
ing  air,  and  fo  confequently  makes  the  whole  Circulation  at-  - 
the  fame  precife  time,  and,  there  is- found  only  the  priority  of 
dependence;  Suppofe  the  motion  of  the  Stone  to  be  from  the 
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point  A  to  B,  and  in  the  (lime  precife  time  it  makes  the  whole 
Circulation,  and  the  air  which  was  in  E  follows  in  F,  neither 
hath  it  greater  force  to  farther  motion  than  it  hath  from  the 
Stone ;  from  the  following  time  I  ask  whether  the  motion  of 
the  air  F  depends  on  the  motion  of  the  Stone,  or  the  motion 
of  the  Stone  on  the  motion  of  the  air,  if  you  fay  the  fir  ft,  I 
demand  again  from  whence  the  Stone  is  moved,  if  the  fecond, 
I  ask  from  whence  the  air  is  moved,  for  the  paft  motion  of 
the  ftone  cannot  be  the  caufe  of  motion  of  the  prefent  air, 
therefore  it  is  necefiary  to  fay  fomething  is  added  to  the  Stone 
from  whence  it  is  carried  through  the  air,  and  this  I  call  Impetus , 
or  force,  whatfoever  it  be. 

Moreover  I  will  fhc w,  Impetus  being  granted,  viz-  While 
a  body  defcends  it  feems  to  me  a  reafon  to  be  alledged,  why 
in  the  firft  fpace  of  time  the  body  defcends  one  foot,  in  the 
fecond  three,  in  the  third  five,  in  the  fourth  feven,  and  fo  on, 
unlefs  the  continual  produdtion  of  feme  Impetus  be  admitted' 
which  is  the  immediate  produdive  caufe  of  motion.,  which 
Impetus  is  permanent  and  may  be  increafed. 

Alfo  it  follows,  that  a  fecond  Impetus  is  not  produced,  un¬ 
lefs  the  firft  hath  and  produces  fome  motion,  let  two  weights 
befufpended  in  the  air,  each  produces  fome  Impetus  in  it  felf, 
and  alfo  in  the  body  which  they  hang  on,  let  one  weight  be 
moved  by  the  fpace  of  three  Mantes,  or  moments,  fo  that 
after  that  third  inftant  it  hath  an  Impetus  as  three,  let  down 
the  fecond  weight  in  the  begining  of  the  fourth  Inftant,  where¬ 
fore  it  hath  not  the  Impetus  as  three  as  the  ocher  weight  j  be- 
caufe  (you’l  fay)  it  remains  unmoved,  and  the  other  is  mov¬ 
ed:  therefore  motion  is  the  condition  to  the  producing  a 
farther  Impetus ,  at  leak  fuch  motion  whole  Impetus  is  accord¬ 
ing  to  nature. 

_  Which  I  ftiall  likewife  make  good  from  other  experiments : 
Firft,  why  while  I  drive  a  nail  with  a  hammer  of  a  longer 
handle  I  produce  a  ftronger  blows  or  ftroak,  in  like  manner, 
if  I  lift  the  arm  and  the  hammer  higher,  fo  that  it  describes  a 
greater  circle,  the  ftroak  is  made  more  valid  and  ftrong  •  no 
other  reafon  can  be  given,  but  that  by  the  greater  motion 
(  whether  as  the  condition,  or  as  the  caufe,  it  matters  not  )  a 
ftronger  Impetus  is  produced,  fo  that  the  power  unlefs  it  be 
moved,  never  produces  in  the  begining  of  its  motion  fuch 
Impetus  in  the  nail,  how  great  foever  the  endeavour  be,  as  k 
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produces  while  it  hath  feme  motion  ;  fo  that  if  ro  men  prefs 
with  their  weight  upon  a  nail  it  doth  not  enter  the  wood  fo 
well,  as  if  it  be  drove  with  an  hammer  by  one  man. 

While  any  one  runs  a  pace,  if  his  feet  be  dope  he  cannot 
chufe  but  fall ;  and  fo  a  horfe  on  full  fpeed  can  fcarce  be  held 
in,  rwhence  they  lift  up  their  fore  feet,  as  it  were  a  contrary 
motion  to  afwage  every  concieved  Impetus  *y  While  a  boat  is 
carried  with  a  great  Impetus,  and  is  fuddenly  ftopt  at  the  (hoar, 
all  that  are  in  the  boat  are  moved,  becaufe  now  the  concieved 
Impetus  is  conveyed  farther  they  bend  forward  being  ftopt. 

And  I  (hall  ftiew  that  a  weight  of  one  pound  placed  a  little 
farther  from  the  Centre  than  another  weight  of  one  pound, 
will  raife  it  up  3  fuppofe  two  weights  equal  each  to  one  pound, 
fo  placed  in  a  ballance  that  one  is  double  the  diftance  of  the 
other  from  the  Centre;  whence  I  thus  argue. 

The  weight  of  1  pound  while  it  moves  downward  2  feet, 
may  over  come  the  refiftance  which  a  weight  of  one  pound 
hath  to  motion  upwards  one  foot :  therefore  if  they  are  fo  fit¬ 
ted  in  the  ballance,  that  while  one  is  depreffed  2  feet,  the  o- 
theris  only  raifed  1  foot,  it  raifes  that  upward;  The  antece¬ 
dent  is  proved,  while  the  weight  of  one  pound  is  moved 
downwards  2  feet,  its  aftive  force  or  Impetus  which  it  puts 
forth  together  with  fuch  motion,  is  piecifely  equal  to  that 
refiftance  which  the  oppofite  and  equal  weight  hath  to  motion 
upwards  two  feet,  but  the  refiftance  to  motion  upwards  one 
foot  is  lefs  than  to  motion  upwards  two  feet ;  therefore 
while  one  pound  weight  is  moved  downwards  2  feet,  the  o- 
ther  pound  weight  may  be  moved  upward  one  foot;  But  when 
two  equal  weights  are  fo  placed  in  a  ballance,  that  one  is 
doubly  diftant  from  the  Centre  to  the  other,  it  alfo  effects  a 
double  (pace  to  that  which  its  oppofite  effects ;  therefore  we  have 
one  reafon  now,  why  between  equal  weights  that  which  is  far- 
theft  diftant  from  the  Centre  is  deprdled,  and  raifes  up  its 
oppofite  weight,  which  may  be  alfo  proved  in  this  manner; 
when  two  unequal  weights  are  equally  diftant  from  the  Cen¬ 
tre  the  greater  raifes  the  Idler,  becaufe  the  parts  of  morion 
downwards  are  more  than  thofe  upwards,  and  in  like  manner 
when  equal  weights  are  fo  placed  in  a  ballance,  that  one  is 
farther  diftant  from  the  Centre  than  bother,  the  parts  of  moti¬ 
on  downwards  will  be  more  in  one  than  the  parts  of  motion 
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upwards,  are  in  the  other  ( or  its  oppofite)  therefore  the 
weight  which  is  fartheft  dittant  from  the  Centre  will  raife  the 
Other  oppofite  being  equal  to  its  felt. 

The  motion  upwards  of  heavy  things  is  againft  nature,  and 
the  violent  motion  of  them  downwards  is  agreeable  to  nature ; 
but  how  much  that  is  which  is  againft  nature,  fo  much  is  the 
refilance  to  that  3  and  how  much  that  is  which  is  agreeable  to 
nature,  fo  much  is  its  inclination  and  adtive  force  to  overcome 
the  oppofite  refinance  3  therefore  where  there  is  a  greater  moti¬ 
on  downwards  than  the  motion  upwards,  the  adtive  force  of 
refitting  will  overcome.. 

The  fecond  reafon  is  3  a  greater  Impetus  is  required  to  move 
the  fame  weight  a  greater  (pace  than  a  lefs, .  whether  the  whole 
Impetus  be  produced  together,  as  happens  in  things  projedted 
or  thrown  3  or  fuccdfively,as  when  a  weight  is  drawn. 

Alfo  a  greater  Impetus  is  required  to  move  a  greater  weight 
fome  fpace,  than  to  move  a  lefs  weight  the  fame  fpace  3  whence  I 
thus  argue, an  Impetus  which  is  required  to  move  a  weight  of  two 
pound  one  foot,  is  double  to  the  Impetus*  which  is  required  to 
move  one  pound  one  foot  3  But  the  Impetus  which  is  required 
to  move  one  pound,  two  feet,,  is  in  like  manner  double  to  that 
which  is  required  to  move  one  pound  one  foot  3  therefore  the  Im¬ 
petus  whichis  required  to  move  two  pounds  one  fcor,is  equal  to 
the  Impetus  ncceffaxy  to  move  one  pound  two  feet, for  thofe  fame 
things  which  are  doubled  are  equal  among  themfelves:  But 
when  two  weights  are  fo  placed  in  a  ballance  that  the  weight 
of  two  pound  is  dittant  from  the  centre  one  foot,  and  the 
weight  of  1  pound  is  dittant  two  feet  3  while  the  weight  of 
1  pound  is  moved  downwards  two  feet,  the  weight  of  two 
pound  is  elevated  one  foot  3  and  one  pound  weight  as  moving 
downwards  two  feet  is  in  Equilibrio  with  one  pound  moving 
upwards  two  feet:  Therefore  one  pound  moving!  feet,  will 
be  in  Equtlibrio  with  z  pound  moving  upward  1  foot. 

And  that  we  may  render  the  fame  reafon  more  univerfaf 
and  that  we  may  apply  it  not  only  to  weights  and  ballances, 
but  that  we  may  extend  it  to  all  Engins  in  general:  Suppofe  as 
before,  by  how  much  more  the  power  is  that  is  moved,  by  fo 
much  the  greater  and  ftronger  is  the  Impetus  produced  3  there¬ 
fore  if  a  power  while  it  is  moved  x  foot  can  move  100  pound 
x  .foot  j  while  the  fame  power  is  moved  two  feet  it  will  move. 
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200  pound  i  foot  ;  to  clear  which  point,  fuppofe  for  explica¬ 
tion  fake  a  certain  opinion  rejected  by  mod  Vhilofophers>  to  wit, 
that  time  increafes  or  grows  from  indivifble  Inftanrs  fucceed- 
ing  each  other;  fuppofe  likewife  that  which  necelfarily  follows 
from  fuch  an  opinion,  to  wit,  the  flownefs  of  motion  is  pofited 
in  more  or  lefs  little  Scaies  of  reft,  which  opinion  I  do  not  pro- 
pofe  that  in  it  I  may  found  my  reafon,  but  only  that  I  may 
fh  un  that  confufion  which  the  common  fen  fence  begets,  con¬ 
cerning  the  continued  compofition  from  parts  infinitely  di- 
vifible ;  for  when  they  treat  of  this  infinity,  ’tis  no  wonder  if 
they  mix  obfcurity  and  darknefs  together;  Therefore  fuppofe 
a  power  which  while  it  is  moved  one  point  may  move  ioo 
pound  one  point,  and  being  fitted  in  an  Engm  fo  that  while  the 
power  is  moved  two  points,  the  weight  is  moved  only  one  point. 

In  fuch  a  fuppofition,  the  power  will  be  moved  the  fpace  of 
one  point,  the  weight  all  the  while  no  ways  refitting  fuch  a 
motion,  becaufe  the  weight  as  yet  is  at  reft,  but  when  the 
power  is  moved  to  the  fecond  point,  it  hath  a  double  Impetus, 
'viz,,  the  Impetus  produced  in  the  mean  time  while  it  is  moved 
through  rhofe  two  points,  but  a  double  Impetus  moves  a  double 
weight;  therefore  the  power  which  is  moved  two  points  will 
move  a  double  weight  one  point,  if  it  be  fo  fitted  in  an  Engm 
that  neceffarily  its  motion  ought  to  be  double  to  that  which 
follows  in  the  weight. 

And  although  this  opinion  Concerning  continuals  ttiouldnot 
be  true,  and  the  power  fhould  never  be  moved  but  the  weight 
fhouid  be  moved  although  flowly ;  neverthelefs  fince  a  power 
exerts  a  greater  Impetus  when  it  is  mod  moved  ;  as  often  as  the 
motion  is  greater  in  it  than  in  the  weight,  fo  often  the  Im¬ 
petus  will  be  greater  in  it,  than  if  it  had  bin  moved  equally 
with  the  weight;  bur  a  greater  Impetus  can  overcome  a  greater 
weight,  therefore  a  greater  motion  of  a  power  compared 
with  a  letter  motion  of  a  weight  can  alfo  overcome  a  greater 
weight. 

To  make  it  clearer,  Suppofe,  to  move  a  weight  of  joo 
pound  one  foot,  an  Impetus  be  required  as  4,  which  the 
power  A  may  produce,  and  as  I  may  fo  fay,  to  lift  it  up  while 
it  is  moved  one  foot ;  there  will  be  required  to  move  a  weight 
of  ioo  pound  one  foot, an  Impetus  as  8,  but  an  Impetus  as  8  is  pro¬ 
duced  from  a  power  if  it  be  moved  2  feet;  For  more  Impetus  is 
produced  from  a  power  while  ’tis  moved  two  feet  than  while 
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’tis  moved  one  foot,  therefore  that  principle  remains,  viz. 
The  Power  as  moved  i  feet  effects  the  fame,  as  two  powers 
which  are  moved  only  i  foot;  and  we  muff  not  think  Impetus- 
to  be  fo  fluent  of  nature,  as  not  to  maintain  and  as  it  were 
heap  together,  that  is,  if  the  power  be  moved  for  fome  time 
it  firm  Id  not  increafe,  alfo  its  intenllve_  Impetus  is  not  refilled 
by  fuch  Impetus ;  in  like  manner,  a  weight  is  not  luppofed  to 
to  refill  a  Idler  motion,  as  a  greater  ;  whence  if  a  power  be 
fo  compared  with  a  weight,  that  while  it  is  moved  i  foot  the 
weight  is  neceffarily  moved  the  fame,  and  the  tefiftance  of  the 
weight  is  greater  as  .  moving  one  foot  than  the  Impetus  which  ■ 
is  produced  from  the  power  being  moved  i  foot,  no  motion 
follows;  but  if  an  Evgin  thus  diftributes  the  fame  Impetus,  that 
the  whole  be  Imployed  in  moving  the  fame  weight  half  a  foot 
it  will  make  fome  motion. 

Nevertheiefs  becaufe  this  tiring  is  of  fo  great  moment,  and 
contains  the  molt  univerfal  Principle  in  nature,  therefore  ’tis 
worth  our  while  to  profecute  the  thing  a  little  farther,  and  to  - 
apply  it  in  every  part  that  it  may  appear  more  plainly. 

'  I  fuppofe  firft,  that  ’tis  equivalently  the  fame  thing  to  apply 
a  motive  power  as  one,  fucceflively  to  move  a  body,  iuppofe  the 
Ipace  of  5  feet,  fo  that  it  move  in  the  firft  time  the  fpace  of 
i  foot,  moreover  the  fame  power  moverh  in  the  fecor.d  time 
by  another,  and  fo  on,  and  to  apply  five  moving  Powers- 
Succdfively  as  one ;  of  which, to  wit,  the  firft  moves  in  the  firft 
time  i  foot,  the  fecond  in  the  fecond  time  following,  the 
third  by  the  third,  and  fo  on  ;  for  the  moving  power  as  one 
if  it  be  applied  to  the  fecond  time,  may  as  well  move  a- 
nother  alfo  like  it  felf,  therefore  the  fame  will  be  Equivalent 
’whether  the  fame  motion  continue,  or  another  like  to  it  be- 


Spbftituted. 

Secondly  I  fuppofe  to  move  or  fuftain  a  body,  to  be  the 
fame,  as  to  apply  five  powers  each  of  which  is  a  power  as  i, 
and  to  apply  t  fo  that  it  may  be  a  power  as  5,  as  if  in  one 
ballance  you  put  a  body  of  Gold  of  one  foot,  the  fame  will 
out  weigh  5  bodies  of  each  1  foot  of  another  matter,  which 
is  five  times  lighter  than  Gold,  for  neither  hath  the  moving 
virtue  in  it  felf,  as  the  firft  quality ;  for  if  5  heats  or  warm 
things  are  put  as  s,  they  can  never  be  produced  in  the  Subject 
but  as  one  heat :  But  and  if  a  Powers  are  fufficient  to  move 
each  of  them  a  weight  of  100.  pound,  It  they  are  joyn’d  and* 
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concur  together  they  will  overcome  or  move  a  weight  of 
loo  pounds;  This  rule  is  common  in  all  Equivocal  Agents,, 
fo  if  the  powers  of  two  candles  in  fonie  determinate  place, 
each  of  them  produces  i  degree  of  light  acting  together  in  the 
fame  place  they  produce  a  greater  degree  of  light;  fo  while  the. 
Sun  in  an  Eclipfe  is  hid  in  home  parts,  the  light  Shineth  more-., 
weakly,  therefore  in  thefe  cafes  extenfion  begets  inteniionpr 
is  equivalent  to  it. 

Suppofe  two  men  move  unequally,  to  wit,  with  a  double 
velocity  one  to  the  other  3  what  is  in  one  that  is  not  in  the 
other;  And  firlt  it  is  certain  that  the  motion  of  the  one  is 
always  double  to  the  other,  fo  that  while  one  is  moved  one 
foot,  the  other  only  moves  half  a  foot;  and  while  the  firlt 
paffes  over  half  a  foot,  the  other  pafles  over  a  quarter  of  a 
foot ;  and  in  whatfoever  time  ailignable,  the  parts  of  motion 
in  the  one  are  more  than  in  the  other,  whence  Tis  certain  in 
the  fecond  place,  if  the  motion  of  the  power  confers  to  this 
that  it  move  the  oppofite  weight,  while  the  power  hath  greater 
motion  it  produces  a  greater  Impetus  in  the  oppofite  weight, 
from  whence  the  argument  may  be  formed. 

A  power  advances  its  force  by  motion,  therefore  while  Tis 
moved  with  a  double  velocity,  Tis  equivalent  to  a  double  force, 
but  a  double  virtue  or  force  can  move  a  weight  doubly  greater,  5 
or  as  great  again,  therefore  a  power  moved  with  a  double  ve¬ 
locity  can  move  a  weight  doubly  greater;  the  firft  Antecedent 
is  certain,  for  a  power  however  it  be  applied  will  not  move 
unlefs  it  be  moved,  whether  its  motion  be  the  condition  to  this  < 
that  moves,  or  whether  the  motion  it  (elf  be  the  immediate 
caufe  of  motion, it  matters  not ;  neither  is  there  need  to  examin 
thefe  things,  fince  divers  explications  arife  from  divers  phifical 
principles:  For  fome  acknowledge  no  motion  which  takes 
not  its  rife  from  Impetus  or  force,  and  confequently  to  produce 
a  greater  motion  in  a  power,  they  require  a  more  Wronger  Im* 
petus ;  therefore  if  a  power  be  moved  with  a  velocity  double 
to  the  weight,  it  produces  an  Impetus  doubly  ftronger  to  that 
which  it  would  have  had  if  it  had  bin  moved  equally  with  the 
weight:  But  if  it  be  moved  equally  with  the  weight,  the  Im¬ 
petus  which  is  produced  in  it  felf  ftiould  be  fufficient  to  move 
i go  pound  fuch  a  fpace;  therefore  if  it  be  moved  with  a 
double  velocity  it  will  move  200  pound  the  fame  fpace;  being 
explained,  weTl  Suppofe  a  free  Power. to  impel  lightly  Iona 
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weight,  fo  that  by  the  force  of  its  impreffion  it  is  not  moved, 
it  will  ufe  a  greater  endeavour  and  at  length  moves  it.  I  ask 
what  makes  that  greater  endeavour  uniefs  a  more  ftronger  Im¬ 
petus  be  produced  (  fuppofing  always  that  fueh  Impetus  is  grant¬ 
ed  )  but  if  the  power  it  felf  be  moved  more  fwifdy,  it  pro¬ 
duces  a  greater  Impetus :  Therefore  by  the  greater  motion  of  a 
power  is  adhibited  that  which  is  neceffary,  that  a  weight  may 
be  moved  doubly  greater  (or  as  great  again)  each  partis 
proved,  to  wit,  while  any  body  is  moved  more  fwiftiy  a 
ftronger  Impetus  is  produced;  or  the  intenfe  motion  being 
Secluded  what  way  foever  from  Impetus ,  the  fucceffion  of  fo 
much  local  motion  is  agreeable  with  intention ;  For  the  velocity 
of  motion  is  fome  perfe&ion  which  cannot  be  explicated,  be- 
caufe  of  the  fuccdlion  of  motion,  and  the  infinite  divifibiliry 
of  time.  Notwithftanding  in  each  opinion,  velocity  or  Swift- 
nefs  is  faid  to  be  fome  perfe&ion  of  motion  :  For  fuppofe  in 
Fig.  1 4  fome  motion  in  Angles,  in  as  much  as  fome  think  them 
indivisible,  let  ABCD  a  potent  angle  in  one  inftant  alio 
indivisible  be  fo  moved,  that  leaving  the  former  fpace  ABCD 
it  poffefles  the  next  following  CDE  F,  Suppofe  another  angle 
or  as  fome  call  it,  a  Phyfical  point  GHKI  be  fo  moved ;  in 
the  fame  indivisible  inftant,  that  leaving  the  former- fpace  G  H 
K  I  it  poffefles  the  fpace  L M ON,  Surely  the  former  motion  is 
a  more  perfect  motion  than  thefecond,  pi" a  therefore  if  there 
be  required  an  Impetus  to  motion,  there  is  required  a  more 
ftronger  to  effedt  the  fir  ft  motion  than  the  fecond :  Bur  if  no 
Impetus  be  required,  but  impediately  motion  be  produced 
from  the  power,,  there  is  required  a  fir  ftronger  endeavour  to 
obtain  the  former  than  the  latter  ;  Wherefore  to  conclude  the 
greater  endeavour  ofPower  moveth  a  greater  weight  than  a  leffer 
but  a  greater  endeavour  ofpower  is  advanced  while  kis  moved 
fwifdy  than  while  flowly,  therefore  while  a  power  is  moved 
fwifdy,  it  alfo  moves  a  greater  weight. 

Alfo  the  firft  confequent  is  plain,  to  wit,  (  while  a  power 
is  moved  with  a  double  velocity  kis  equivalent  to  a  double 
power  )  for  fure  it  is,  while  any  power  adhibits  or  ufes  an  en¬ 
deavour  doubly  greater,  kis  equivalent  to  two  powers  each  ad- 
hibitung  or  ufing  an  endeavour  doubly  leffer.  So  one  horfe  if 
he  endeavours  much,  may  draw  a  determined  weight,  which 
he  may  draw  twice  as  eafy,  and  without  fo  great  endeavour, if 
another  horfe  be  joined  with  him  to  affift.  Wherefore  if  it  be 
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moved  more  fwiftly  ir  will  be  equivalent  in  order  to  move  a 
weight  of  a  greater  force,  although  iomtimes  the  Weight  doth 
not  increafe  its  motion  ,  for  if  the  motion  of  the  power  be  in- 
creafedqhe  motion  of  the  weight  is  equally  increaft.  A  power 
moved  more  fwift  will  indeed  be  equivalent  to  2  greater,  but 
all  that  perfection  which  happens  to  it  from  motion  relates  to 
the  making  the  motion  of  the  weight  greater,  fora  weight  of 
2  greater  motion  refifteth  more,  therefore  in  motion  thefe  two 
are  always  taken  for  the  fame,  to  wit,  to  move  a  greater 
weight  to  a  lefs  fpace,  and  a  lefs  weight  to  a  greater  fpace; 
for  as  to  move  a  greater  weight  a  greater  endeavour  is  required, 
£0  to  move  a  weight  to  a  greater  fpace,  a  greater  endeavour  is 
alfo  required,  The  whole  artifice  of  Engins  then  conlifts  in 
comparing  the  greater  motion  of  the  Power  with  the  Idler 
motion  of  the  weight,  and  according  to  the  proportion  of  ex¬ 
cels  the  Force  of  the  Powers  are  increaft  5  becaufe  powers  in¬ 
creafe  not  their  force  but  by  motion,  and  therefore  motion, 
doubly  fwifter,  produces  Impetus  doubly  greater. 


PROP  OS.  V. 


Moveable  bodies  are  eopual  in  orce  whofe  ]V 
and  Velocities  are  reciprocal. 

IT  is  certain,  that  the  fame  body  moved  with  unequal  fwift- 
nefs,  will  have  unequal  force  j  alio  a  greater  body  moved 
with  the  fame  fwiftnefs  as  a  Idler,  will  have  greater  force  ,  and 
we  fee  likewife  in  Engins  that  weights  may  be  fo  difpofecfc 
from  one  place  to  another,  that  the  motion  which  is  made  from 
one  hath  the  fame  proportion  to  the  motion  of  another  5  and? 
alfo  that  weight  to  weight  is  made  reciprocally  in  EquiUbro^ 
fo  that  the  double  celerity  or  fwiftnefs  of  one  pound,  will  be 
equivalent  to  the  Subduple  celerity  of  two  pounds  5  We  may 
alfo  transfer  the  fame  principle  to  other  moveable  bodies,  al¬ 
though  they  are  at  liberty,  that  is  not  being  difpofed  in  any 
Engin  :  For  it  hath  not  lefs  force  when  it  is  tree  and  looieeB 
tf.om  Machines- ox  Engines  than  when  it  is  failned  to  feme  Body, 
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but  i  pound  with  the  velocity  as  e.  is  equivalent  to  2  pounds 
having  the  velocity  as  one  ;  Therefore  alfo  without  an  Engin,  a 
moveable  body  as  i  with  a  velocity  as  2,  will  effedt  the  fame  as 
a  moveable  body  as  two  with  a  velocity  as  x.  The  reafon  is, 
becaufe  the  motion  or  degree  of  velocity  is  the  fame  in  both,  in 
a  greater  body  they  are  fewer  in  each  part;  in  a  Idler  more. 
Neither  is  there  any  other  reafon,  why  while  they  are  joined 
in  Engins  they  are  of  equal  force, and  one  extenfion  com  pen  fates 
another,  and  without  an  Engin  the  fame  will  not  happen. 

Wherfore  the  moments  or  forces  of  equal  bodies,  or  the 
parts  moved  are  to  one  another,  as  their  velocities ;  and  equal 
velocity,  as  the  magnitude  of  bodies;  for  commonly,  moment 
and  force,  and  parts  moved,  fignifie  the  fame,  except  fometimes 
moment  Jikewife  is  attributed  to  bodies  at  reft,  which  have 
notwkhftanding  an  aptitude  to  motion,  wherefore  what  we 
ihali  fay  concerning  moments  may  be  faid  of  forces. 

If  1  unequal  moved  bodies  be  compared,  their  force  or 
moved  parts  will  be  in  proportion  compounded  of  the  propor¬ 
tions  of  the  bodies,  and  of  their  velocities,  becaufe  every  part 
of  a  body  is  fuppofed  to  be  moved  with  the  fame  velocity, 
or  degree  of  force ;  whence  it  happens,  if  the  motion  of  one 
body  be  communicated  to  another  equally, "the  velocity  will  be 
equal,  if  the  velocities  of  the  greater  and  the  magnitudes  of 
the  bodies  be  reciprocal. 

Whence  we  conclude, if  a  moved  body  runs  againft  another 
body  at  reft  all  reflexion  being  excluded,  to  witfTf  each  body 
be  foft,  they  proceed  together,  and  the  velocity  of  the  former 
will  be  to  the  velocity  of  the  aggregate  of  the  whole,  as  the 
whole  aggregate  to  the  firft  movent  reciprocally ;  For  fince  in 
the  former  there  are  fo  many  degrees  or  parts  of  motion,  and 
each  of  its  parts  are  diftributed  in  the  aggregate  5  to  get  the 
velocity  of  the  firft  movent,  the  quantity  of  motion  wfoich  is 
always  the  fame  muft  be  divided  by  the  number  of  parts  of  the 
aggregate;  Therefore  the  fame  number  of  parts  of  morion  is 
generated  from  the  aggregate;  in  its  velocity,  as  from  the  firft 
movent  in  its  velocity.  Therefore  if  you  difpofe  the  aggre¬ 
gate,  the  firft  movent,  the  velocity  of  the  firft  movent,  and 
the  velocity  of  the  aggregate,  fince  the  redtangie  of  the  firft 
and  the  laft  is  equal  to  the  redtangle  made  of  the  2  means ; 
fo  will  the  aggregate  be  to  the  firft  movent,  as  the  velocity  of 
the  firft  movent  to  the  velocity  of  the  aggregate. 

We 
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We  mu  ft  reafon  after  the  fame  manner  in  other  cafes  which 
may  happen ;  as  if  there  be  two  equal  movents  )or  bodies  mov¬ 
ed)  which  are  born  in  the  fame  part, one  hath  the  velocityas  4, 
the  other  as  8,  and  the  more  Swift  incurs  or  meets  in  the  lefs 
Swift  y  I  fay  after  the  meeting,  the  velocity  of  the  Aggregate 
is  as  6  ,  for  fince  the  Bodies  are  equal,  the  parts  moved  will 
be  as  the  velocities  8  and  4 ;  wherefore  the  motion  in  them 
will  be  as  n:  but  after  the  meeting’ the  parts  moved  ought 
to  be  the  fame  fo  many,  therefore  the  motion  in  the  whole 
aggregate  will  be  as  12,  and  in  each  body  as  6y  therefore  the 
Telocity  of  the  leaft,  before  their  meeting  was  4  and  after¬ 
wards  6 ;  and  of  the  greater  8  and  after  meeting  but  6. 

Thirdly,  if  two  equal  bodies  with  equal  velocities  meet  each 
other,  excluding  all  reflexion,  they  will  reft,  becaufe  thefe 
velocities  meeting  one  another,  deftroy  each  other,  as  when 
you  put  contrary  qualities  in  the  fame  Subjed. 

Fourthly,  if  2  unequal  bodies,  fuppofe  2  globes  one  of  one 
pound  weight  and  the  other  of  2,  pound,  meet  each  other  di~ 
re&Iy  with  equal  velocities,  fuppofe  as  4,  the  Aggregate  fol¬ 
lows  the  dire&ion  of  the  greater,  and  the  velocity  w  ill  be  as 
j  f,  for  the  quantity  of  motion  in  the  greater  is  as  8,  in  the 
idler  as  4,  while  they  meet  each  other  the  motion  of  the  lefs  as 
4  detracts  fo  much  from  the  grearer,  therefore  the  quantity 
of  motion  remaining  is  as  4,  to  be  divided  by  3  pounds,  tha*e 
will  be  in  each  pound,  one  degree  and  f. 

Fifthly,  if  two  equal  bodies  with  unequal  velocities  meet 
each  other,  fuppofe  one  hath  velocity  as  2  the  other  as  4  j  after 
meeting,  Secluding  refledion,  the  quantity  of  motion  remain¬ 
ing  will  be  as  2,  each  being  divided,  and  therefore  the  aggre¬ 
gate  will  be  moved  as  1 . 

Sixthly, Suppofe  two  unequal  bodies  one  whereof  is  one  pounds 
and  is  moved  with  a  velocity  as  3 :  and  the  other  is  2  pound, and 
hath  a  velocity  as  4  j  the  quantity  of  morion  in  the  firft  is  3,  In 
the  fecond  10,  for  when  they  meet,  the  Idler  quantity  deftroys 
fo  many  degrees  of  t'other  as  it  contains  it  felf,  therefore,  there 
remains  7  to  be  divided  by  3  pound  ;  Wherefore  in  the  whole 
aggregate  there  will  be  x  degrees  and  \  of  velocity. 

Fig,  15.  If  2  unequal  Bodies  be  placed  in  two  equal 
Brandies  or  Arms  of  a  Beam  (  as  a  pair  of  Scales )  I  fay  the 
velocity  of  the  greater  only  will  be  to  the  velocity  of  the  aggre¬ 
gate,  as  the  aggregate  to  the  greater  weight.  Suppofe  a 

E  weight 


2  6  Mechanic 4  Powers .  Book  L 

weight  of  two  pounds,  which  if  it  be  moved  alone  from  A  in 
B  with  a  velocity  as  4.  Put  on  the  other  part  a  moveable  body 
as  i, which  fuppofe  to  move  dowmwards  with  the  fame  velocity : 
And  thefe  weights  being  compared  as  tv/o  meeting  each  other 
with  equal  velocity,  wherefore  fince  the  quantity  of  motion 
in  the  greater  is  8  degrees,  and  in  the  fecond  4,  and  fuppofing 
them  contrary  to  each  other;  the  motion  in  the  aggregate 
remaining  is  as  4  to  be  divided  by  j ;  the  velocity  therefore  in 
each  will  be  as  1  j. 

if  there  fhould  be  2  equal  Vendulums  placed  in  two  unequal 
Branches,  the  manner  of  reafoning  will  be  the  fame.  Suppofe 
then  the  weights  A  and  C  to  be  equal,  but  the  diftance  A  D  to 
be  double  the  difrance  DC;  in  fuch  difpofition  the  velocity  of 
the  weight  A  wili  be  double  the  velocity  of  the  weight  C, 
wherefore  the  quantity  of  motion  in  A  will  be  double:  Sup¬ 
pofe  the  motion  in  A  as  8,  in  C  as  4,  which  motion  fince  *tis 
contrary  deflroysfrom  the  motion  of  the  weight  A,  4  parts, 
therefore  there  remains  4  parts  to  be  divided,  fo  that  that  of 
the  weight  A  have  2  parts,  and  that  of  the  weight  C,  1  part, 
Therefore  there  are  in  A  2  parts  and  f ;  and  in  C  1  part  and  •§•. 


PROP  OS.  VL 


Concerning  the  Proportion  of  weights 5  on  the  ends  if  the 
Arms  of  a  Baliancey  Vanoujly  placed  from  the 
Horizontal  line. 


Fig.  i6.*T-'He  proportion  of  a  weight  in  C  to  the  fame  weight 
X  in  F,  will  be  as'  the  whole  Arm  BC,  to  its  parr 
B  u,  being  placed  between  the  Centre  and  the  line  of  inclina¬ 
tion  F  u  M,  wdiich  the  weight  freely  makes  from  the  extream  F 
towards  the  Centre  of  the  wwld.  For  the  better  underfland- 
ing  whereof,  fuppofe  on  the  other  Arm  of  the  baliance  B  D, 
and  in  the  extream  D,  a  weight  placed  being  lefs  in  wreight 
than  C,  as  B  u  part  of  B  C  which  is  lefs  chan  B  D,  It  is  clear 
from  the  6  Proportion  of  the  1  book  of  Archimedes  of  weights, 
that  if  in  the  point  u  you  place  the  fame  weight  C*  the  bah 

lance 
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lance  will  little  or  nothing  be  moved  from  the  Horizontal  por¬ 
tion.  .  But  if  the  weight  F  equal  to  C  be  placed  in  the  extream 
F  of  the  arrn  B  F  ;  it  is  the  fame  as  if  it  be  placed  in  u  of  the 
Horizontal  line  B  ti :  To  the  better  underftanding  whereof, 
Imagin  a  perpendicular  thred  F  «,  and  in  its  extream  u,  the 
weight  to  hang  which  w'as  at  F,  whence  it  clearly  appears  that 
it  begets  the  fame  effe£f  as  when  it  was  in  F }  which  as  I  faid  but 
now'  remaining  fixt  in  the  point  u  of  the  arm  B  u,  it  is  fo  much 
lighter  than  when  it  was  in  C,  as  u  B  is  lefs  than  B  C.  I  fay  the 
fame, if  the  arm  be  pollited  in  e  B,  which  we  may  eanly  try  'if  we 
hang  thred  from  «  of  the  arm  B  C  perpendicular  to  e,in  which  ex¬ 
tream  hang  a  weight  equal  to  the  weight  C  and  at  liberty  from 
e  of  the  Arm  B  e,  whence  the  ballance  will  remain  Horizontal. 
But  if  the  arm  B  e  be  joyned  in  fuch  (ite  with  the  Horizontal 
B  D,  and  the  weight  C  be  hung  in  «  freely  from  a  thred,  it 
will  neither  afcend  nor  defcend,  which  is  only  becaufe  it  is 
hung  by  a  thred  which  hangs  as  much  from  u,  as  that  which  is 
hanged  freely  from  e  of  the  ai;m  B  e  •  and  this  proceeds  from 
this,  becaufe  it  partly  hangs  from  the  Centre  B  :  And  if  the 
Arm  or  Beam  (hould  be  in  the  fite  BQ,  the  whole  weight 
would  remain  hung  in  the  Centre  B,  even  as  in  the  lice  b  A 
the  whole  preiTes  to  the  faid  Centre.  Whence  it  comes  to  pais, 
that  in  this  manner  a  weight  is  more  or  lefs  heavy,  by  how 
much  ’tis  hung  Farther  from  or  nearer  to  the  Centre ;  and  this 
is  the  only  Caufe  whereby  one  and  the  fame  weight  in  one,  and 
the  fame  mean  becomes  heavier  or  lighter.  And  although  I  call 
the  fide  B  C  Horizontal,  fuppoling  it  to  make  a  right  angle 
with  CO,  whence  the  angle  C B (^becomes  lefs  than  a  right 
angle,  by  the  quantity  of  an  angle  equal  to  that  which  is  made 
by  C  O  and  B  QJn  the  Centre  of  the  Elementary  region,  yet 
this  hinders  nothing  fince  the  faid  angle  is  but  of  infenfible 
Magnitude :  From  the  fame  reafons  we  may  conclude,  that  if 
the  point  u  be  equally  in  the  middle  between  the  Centre  B 
and  the  extream  C ;  the  weight  F  or  M  will  hang  or  incline 
according  to  the  half  of  the  faid  Centre  B:  And  if  the  faid  u  be 
nearer  to  B  than  to  the  point  C,  it  will  hang  from  it  or  incline 
to  it  more  than  the  half 3  and  if  more  towards  C,  it  will  be 
lefs  than  half. 


3 


MtcjknicX  Power*, 


X 


PROP  0  YII, 


Iflow  to  .know  what  quantity  any  weight  or  moving  power 
hath  in  refpdl  to  another  quantity^  by  Perpendiculars 
drawn  from  the  Centre,  of  the  Ball  ante  or.  beam  to 
the  line  of  Inclination., 

Big.,  1 7. Rom  what  has  bin  faid  !tis  eafy  to  underftand,  that: 

IT  the  quantity  B  u  which  is  almoft  perpendicular  from 
the  centre  B  in  the  16  Fig.  tp  the  line  of?  Inclination  F  u ,  is 
that  which  hath  led  us  into  the  knowledge  of  the  quantity  of 
t|ie  force  ofF  in  this  fite  or  pofition,  to  wit,  the  line  F  u  mak¬ 
ing  with  the  arm  F  B  an  acute  angle  B  F  u :  Neverthelcls  for  the 
better  underftanding  whereof  we  will  imagin  in  Fig.  17.  the 
beam  b  0  a  fixr  in  the  Centre  0  at  whofe  ends  or  extreams 
there  is  fixt  or  hung  two  weights,  or  two  moving  powers  or 
forces  e  and  yet  fo  that,  the  line  of  inclination  e  that  is  b  t 
Brake  a  right  angle  with  ob  in  the  point  b  ;  and  the  line  of 
inclinations  that  is  ac  makes  an  acute  angle  or  an  obtufe 
with  0  a  in  the  point  a,-.  Imagin  then  the  line  0  t  perpendicur 
for  to  . the  line  of  inclination  c  a,  whence  0 1  will  be  lefs  than 
0  a>  by  the  18  Prop  of  1  El.  of  Euclid:  Moreover  imagine  0  a 
to  be  cut  in  the  point-/,  ib  that  0  i  be  equal  to  0  t>  and  in  the 
point  i  h  mg  a,  weight  equal  to  cr  whofe  inclination  make  it  a 
Sne  parallel  to  the  line  of  Inclination  of  the  weight  e,  fuppo- 
ling  neverthelefs  the  weight  or  power  c  to  be  greater  than  e,in 
fuch  proportion  as  b  o  is  greater  than  ot ;  without  doubt  by  the 
Prop,  of  the.  ill.  Book  of  Archimedes  de  equifonder  antibus ,  b  0  i 
will,  not  be  moved  from  its  fite,  but  if  in  dead  of  0  i  we  imagine 
0  /-made  one  with  0  by  and  .the  power  attracted  by  the  line  t  ct 
*Y in  like  manner  alfo  will  touch  as  hot  according  to 
common  reaion  the,  fire  is  not  moved ;  therefore  that  which 
•was  propofed  is  done,  alfo,  hence  we  may  eafily  note,  how 
.aauch  ; vigor  and  force  of  weight  or  power  c  at  a  right  angle 
with  0  ^loffs,  drawing  lefs:  Hence  alfo  follows  this  Corolary, 
%at  byhow  much  nearer  the  centre  0  of  ,the  ballance  is  to  the 

centre 
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centre  of  the  elementary  region,  by  fo  much  alfo  it  will  be 
lighter. 


prot? os.  vim- 

* 

From  the  two  laJIVropofitions  all  the  caujes  of  Balances 
and  Leavers  depend .  Fig*  1 8 . 

THe  force  of  any  arm  of  a  ballance  or  Leaver  that  is  long, 
is  greater  than  a  Sorter, from  the  Preceeding  propofitions, 
that  is,  a  weight  placed  on  the  end  of  the  greater  or  longer 
arm,  prefles  or  endeavours  more  as  it  hangs  more  or  lefs  from 
the  Centre. 

Wherefore  Ballance s  or  Leavers  are  not  purely  Mathematick 
lines,  but  natural,  and  hence  bodies  exiii  conjoined  with  mattery* 
now  lets  imagin  n  s  robe  a  fuperficies  which  according  to  length  ! 
cuts  the  Axis  of  a  Ballance ;  and  we  will  fuppofe  its  Centre ' 
firft  in  /,  and  the  greater  arm  to  be  iu,  and  the  leffer  i  n,  and 
the  Vertical  line  i  o,  w  hich  let  be  fo  much  as  is  the  thicknefs^ 
of  the  Ballance  from  the  upper  to  the  lower  fide ;  for  the  better 
underftanding  whereof  fuppofe  ns  a  Parallelogram,  arid  put 
two  equal  weights  on  the  ends  of  the  arms,  experience  teaches 
that  the  weight  at  u  s ,  is  of  more  force  than  the  weight  at  n  x, 
and  we  would  know  the  caufe  of  this  effect. 

We  have  already  faid  that  Ballances  or  Leavers  are  of  matter,, 
and  n  s  the  medium  of  its  fuperficies,  fuppofe  now  i  to  be  the 
Centre,  which  ftaies  the  faid  Ballance  or  Leaver ;  let  us  and  5 
nx  be  the  lines  of  inclination  of  the  weights,  and  we  will 
agin  that  the  faid  weights  hang  from  the  points  u  and  n ,  as 
indeed  they  do,  although  they  fhould  hang  from  *  and  *,  b;- 
caufe  the  point  u  and  the  point?/  are  fo  conjoined  with  /  and 
xt,  that  he  that  draws  one,  draws  the  other  alfo;  Likewife 
we’el  imagin  the  two  lines  i  u ,  i  n ,  and  i  e  which  i  e  makes  - 
the  angle  0  i  e  equal  to  the  angle  0  in-,  Hence  it  appears  clearly 
if  we  hangthe  weight  u  (  which  is  equal  to  the  weight  n)  at  e, 
that  hath  plainly  the  fame  force  as  the  weight  n  hath,  and 
the  Beam  or  Ballame  will  neither  move  up  nor  down,  becaufe 

both 
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both  weights  equally  lean  to  the  centre  i,  by  the  middle  lines  e  i 
and  n  i,  but  the  fa  id  weight  being  placed  in  the  line#  i  by 
which  the  weight  prdfes  to  the  Centre,  is  more  Horizontal 
than  e  i,  and  the  line  of  inclination  u  s  is  more  diftant  from 
the  Centre  i  than  the  line  e  t ;  whence  the  weight  in  this  man- 
tier  being  alfo  more  free  from  the  Centre  i,  refults  and  is  more 
ponderous  than  when  it  was  in  e,  for  the  reafons  mentioned 
in  the  two  precedent  propofitions,  and  for  this  caufe  weighs 
up  the  \yeight  placed  in  n.  But  if  the  Centre  were  in  o  and 
we  imagin  two- lines  os  and  ox ,  -  and  fuppofe  the  weights 
placed  in  j  and  xy  whence  the  line  o  s  will  be  more  Horizontal 
than  the  line  o  xy  and  the  line  of  inclination  u  s  will  be  more 
diftant  from  the  centre  o  than  the  line  e  ?,  its  weight  will  alfo 
be  heavier,  becaufe  it  hangs  fo  much  farther  from  the  Ceritre 
0,  and  by  reafoning  as  aforefaid  we  find  the  fame  effedi  to  be 
true  :  !n  Ballances  rightly  and  properjy  fo  called  x  i  s  or  n  o  u 
may  be  Horizontal ,  but  in  all  kinds  of*  Leavers  this  only  is  faid 
by  a  certain  fimiiitude  5  we  may  contemplate  the  fame  by 
fuppofing  the  Centre  in  the  midle  between  o  and  *,  which  any 
one  may  eafily  do  of  hirafelf  without  any  other  help. 


Me  chant  ck- Powers . 

OR,  THE 

i 

Definitions  of  the  Leaver „ 


BOOK  II. 


i.  A  Leaver  is  commonly  a  piece  of  a  Fir-f>ole ,  or  other 
Timber,  about  6  feet  in  length,  which  we  ufe  either 
to  raife  or  move  heavy  bodies,  fuch  as  Timber  or 
Stone, “or  any  body  of  metal, or  fuch  like  5  wherein  three  points 
are  afligned,  firft  the  power  of  the  movent  2ly;  Of  the  weight 
to  be  moved;  gfy,  The  prop,  to  which  the  Leaver  is 
annexe,  as  to  a  Centre,  defcribing  two  arches  with  a  double 
motion, 

a.  Hence  becaufe  thefe  3  points  may  be  difpofed  three  ways 
in  this  length,  they  produce  3  kinds  of  Leavers .  Firft  a  Leaver 
of  the  firft  kind  is  that  wherein  the  prop  poflefles  the 
middle  place,  and  the  power  and  the  weight  poflefs  the  two 
ends, or  extreams  of  the  Leaver ,  as  if  the  Power  be  inA,  the  Prep 
in  B,  and  the  weight  in  C. 

Fig .  19.  A  Leaver  of  the  fecond  kind  is  that  wrherein  the 
weight  is  placed  in  the  midle,  and  the  power  and  th eProp  at  the 
ends, 

A  Leaver  of  the  third  kind,  hath  the  power  placed  in  the 
midle  and  the  weight  and  the  Prop  atthe  two  ends. 

Before  I  enter  on  the  Propofitions,  I  ihail  premife  fome  things 
worthy  our  animadverfiom 
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Fi<r.  ia  Suppofe  the  Leaver  to  be  o  s,  u,  x,  whofe  Prop  (or 
Hjpomoclidfi )  is  in  the  point  o,  and  the  weight  in  the  point??, 
his  clear  thaf 'when  you  would  raife  it,  it  behoves  alfo  by  the 
help  of  the  hands  to  raife  u\  now  we  muft  confider  how  the 
weight  n  endeavours  towards  u,  and  for  this  caufe  we  will  ini- 
agin  the  right  lines  n  o,  n  i,  n  e,  nt ,  and  n  u,  of  which  n  i,  h 
placed  towards  the  Centre  of  the  world,  and  nt  makes  an 
angle  i  n  t  equal  to  the  angle  ino:  Now  placing  fome  power 
in  /  having  equal  inclination  to  the  upper,  as  n  has  to  the  lower 
( fetting  afide  the  gravity  of  the  Leaver)  this  power  (  ac¬ 
cording  to  common  rea ion  )  will  fuftain  the  whole  weight 
of  the  laid  n,  and  if  the  weight  n  were  in  *  diredlly  over  oy 
•  the  whole  weight  would  be  upon  the  Prop,  and  fb  much  forte 
■  or  power  of  the  Prop  will  fuffice  to  refift  for  fuftaining,  as  is 
the  gravity  of  the  weight,  but  putting  it  again  in  n  his  clear 
that  if  another  power  be  not  oppofed  from  the  neither  to  the 
upper  part  of  the  Leaver,  the  Prop  notwithftanding  being  ex¬ 
cepted,  it  will  behove  the  power  of  fome  part  of  the  weight  n 
(without  confideration  asaforefaid  of  the  weight  of  the  Leaver's 
matter  or  fubitance )  that  the  Leaver  be  deprefled  from  the  part, 
5,  u,  and  fome  one  part  of  the  weight  «,  becaufe  other  part  of 
the  fame  weight  endeavours  it  felf  to  the  Prop  o,  by  means  of 
the  line  o  n  which  makes  not  right  angles  with  o  x.  But  if  from 
the  point  t  this  kind  of  refiftance  oppofe  it  felf  that  the  Leaver 
be  not  deprefled  or  born  downftis  dear  by  common  fence  that 
the  power  of  the  weight  n  is  divided  equally  in  the  middle* 
whofe  moiety  over  o  refteth,as  alfo  the  other  over  t  being  in  the 
middle  of  the  two  lines  n  o  and  nt.  Now  imagin  the  refiftance 
/  to  be  taken  away  and  placed  in  *,  it  is  clear  alfo  that  the 
greater  part  of  the  weight  n  forces  or  endeavours  to  e  by  help 
of  the  line  n  e,more  than  to  o  3  fincethe  line  of  inclination,  n  iy  is 
nearer  to  e  than  0 :  Becaufe  all  refiftance  either  in  i  or  in  e,  or 
in  t  or  in  u  is  inftead  of  a  centre  as  well  as  0,  and  the  work  of 
one  helps  tother }  But  if  the  fame  refiftance  be  placed  in  u ,  kis 
clear  alfo  that  a  Idler  part  of  the  weight  n,  endeavours  to  u 
than  to  o‘y  fmee  the  {aid  n  i  is  farther  diftant  from  the  centre 
uy  than  from  the  Centre  0,  and  the  proportion  of  the  part  of 
the  weight  n  in  0,  to  the  proportion,  of  the  part  of  the  weight 
n  in  n  will  not  be  according  to  the  proportion  of  the  angles  » 
n  l  and  0  n  /,  but  according  to  the  proportion  of  u  i  to  i  oy 
which  may  dearly  be  comprehended  by  the  cotwerfe  of  this 
'  ’  effedt* 
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effeft,  that  is  even,  as  now  we  have  fuppofed  o  and  a  to  be  two 
Centres  that  Main  the  weight  e  of  n-  alfo  imagin  »  to  be  a 
certain  Centre  from  whence  hang  two  weights  o  and  u  fo 
proportioned  to  each  other,  that  ui  and  io  are  the  certain 
caufes  of  the  baliance  of  thefe  weights  o  i,  which  we  call  a 
Leaver  or  Beam  inclined  on  no  part:  But  returning  to  the  pro¬ 
portion,  we  fay,  That  the  weight  of  n  endeavoring  lefs  to  « 
than  to  a,  that  is  to  t,  there  needs  Iefs  force  in  u  than  in  t  to 
raife  the  weight  n  3  and  fo  by  confluence,  the  farther  the 
point  u  is  from  t,  the  lefler  force  is  required,  and  confequentlv 
when  the force  or  refiftance  in  u  is  fo  proportioned  to  that 
which  is  in  0,  as  is  0  i  to  i  it  the  Leaver  or  Beam  will  not  be 
moved :  But  when  there  is  a  greater  proportion  of  the  refinance 
ofu  to  that  which  is  of  0,  than  of  that  of  oi  to  in,  then  the 
part  us  of  the  Leaver  or  Beam  will  be  elevated:  But  if  the 
proportion  be  lefler  than  0  i,  to  i  it ,  than  the  Beam  or  Leaver  will 
be  deprefled  on  the  fame  part. 


Of  Augmenting  Force  or  Power. 

ii.  TN  fame  places  Bakers  ufe  a  certain  inftrument  for 
J.  kneading  their  Pali,  which  is  perform’d  by  one 
man  only,  which  inrtrument  feems  worth  our  taking  notice  of 
and’tis  thus:  Imagine  the  plain  in  which  he  fets  who  kneads 
the  Part,  and  in  which  the  Part  is  laid  to  be  T  S  D,  and  the  tri¬ 
angle  T  A  S  fixed,  and  perpendicular  to  the  fuperficies  of  the 
laid  plain  3  and  in  the  Angle  A  joyn  a  piece  of  Wood  or  Lea¬ 
ver  A  E  as  a  moveable  femidiameter  and  equal  to  the  Perpen¬ 
dicular  of  the  Triangle,  whence  A  will  be  the  place  of  the  cen¬ 
tre,  and  D  O  will  be  the  femidiameter  which  kneads  the  Part 
and  from  its  end  O  (  which  O  when  D  O  is  Horizontal  is 
iound  in  the  bafe  of  the  faid  Triangle  J  comes  the  piece  of 
wood  O  V,  which  with  A  V  is  equal  to  the  perpendicular  ins 
agmed  from  the  angle  A  of  the  bafe  T  S  playing  too  and  fro 
m  (J  and  V,  that  the  femidiameter  D  O  may  be  raifed  and  de¬ 
pt  efied.  And  VO  is  equal  to  A  V,  and  V  is  in  the  middle  be¬ 
tween  A  and  E,  whence  A  V  with  O  V  are  equal  to  A  E  ■ 
moreover  there  are  two  pieces  of  wood  perpendicular  from 
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A,  and  fixt  to  the  bafe  and  immovable;  and  fo  far  diftant  from 
one  another,  thatbetween  them  O  V  and  D  O  may  pafs  above 
and  beneath,  and  not  depart  from  the  femidiameter  D  O.  In 
the  end  of  E  there  muft  be  a  fmall  piece  of  Wood  at  right  AnT 
gles  with  A  E,  which  is  held  by  the  hands  of  fome  body  which 
(lands  on  the  forefaid  Machine,  which  man  with  that  wood 
that  is,  the  femidiametre  A  E  drawing  it  to  himfelf  from  the 
funerficies  of  the  faid  Triangle,  and  then  thralling  it  towards 
the  fame  Triangle,  he  excites  the  femidiameter  D  O  upon  the 
Pall  with  a  great  force. 

In  imitation  whereof  I  have  fubcribed  Fig.  22 .  b  a  u  x,  in 
which  we  may  imagine  «  refembles  A  in  the  2 1  Fig.  and  a  de¬ 
notes  O,  and  0  V,  ar.d*E:  we  may  alfo  imagine  u  a  to  be 
the  bafe  of  the  Triangle  a  u  0 ,  to  which  0  t  the  perpendicular 
of  the  faid  bafe  add  «  <r,  hitherto  then  u  0  will  be  equal  to  0 

and"  to  0  a ,  we  may  imagine  alfo  a  0  fo. produced  to  b,  that 
0  b  be  equal  to  0  a.  Alfo  uippofe  a  weighty  in  a,  to  force  to¬ 
wards  »,  whence  the  line  of  its  inclination  will  be  al  ways  a  u  ; 
fuppofe  alfo  a  0  b  to  be  a  Beam  or  Leaver,  and  0  its  Centre, 
whence  the  force  or  power  of  a  will  be  proportional  to  0  gwith 
refpedt  to  the  force  or  power  imagined  in  b,  the  inclination  of 
the  perpendicular  b  a,  which-  force  or  power  in  b  will  be  pro¬ 
portionable  to  b  0  by  Prop.  7.  of  this  Treatife ;  therefore  if 
you  (hould  place  a  certain-power  in  b  at  a  right  Angle  drawing 
the  line  bo  fo  proportionated  to  the  power  of  the  perpendicu¬ 
lar  a ,  as  0 1  is  proportioned  to  0  b ,  the  Beam  boa  will  not  be 
moved,  but  any  greater  portion  in  b  will  overcome  a: 
And  when  0  x  is  equal  to  0  b,  the  fame  will  happen  according 
to  common  Senfe,  placing  the  power  b  in  *.  The  quantity 
therefore  of  the  power  in  x,  which  ought  to  overcome  the  re¬ 
finance  in  a,  which  is  put  againft  «,  ought  to  have  a  little 
greater  proportion  to  refill,  which  in  a  makes  a  right  Angle, 
with  a  «,  than  that  which  is  of  0  t  to  0  x, 
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PROP  OS.  I.  Fig.  ip. 

A  Theorem. 

FJ”attpZ'  the?nv%  ^  to  the  weight  as  the  difiutnce  of  each 
from  the  Prep,  reciprocally,  ,t  will  he  in  equilibria  or  the  power 
will  [lift am  the  weight ,  but  not  raife  it.  F 

Suppofe  the  power  A  to  the  weight  C,  to  be  as  thediftance 
C  to  the  diftance  A  B;  I  fay, it  will  be  in  eWilibrio,^  the  powe? 
vvth  fuftam  the  weight  C,  but  not  overcome  nor  raife  irbS 
to  the  better  undemanding  of  the  Proportion,  fuppofe’  the 
weight  C  to  be  ioo  pounds,  and  the  power  A  to  bfa  novver 
ache  to  fuftain  2  j  pounds  without  a  leaver  5  and  as  the  power 
A  is  equivalent  precifely  to  a  fourth  part  of  the  weight  fo  alfo 


The  Demonftranon.  _  The  power  is  increafed  in  the  fame  pro¬ 
portion  in  which  its  motion  is  increafed  above  the  motion 
ot  the  weight ;  but  in  fuch  difpo-fkion  the  motion  of  the  pow- 
er  is  to  the  motion  of  the  weight, as  4  to  1  •  for  if  the  lei. 
vei  be  undei  flood  tobe  raifed  inL,  fo  that  the  power  defe  ib^s 
the  arch  A  L,  the  weight  deferibes  the  arch  K  C  but  the  arch¬ 
es  are  a  like,  becaufe  the  angles  ABL,  CBK  are  equal  or 

to  wk^af  A RP°m  R r  ^Mrtex}. are  f  their  Semidiameters, 
.owit,  as  AB  to  BC,  and  we  fuppofe  AB  to  be  4  times  4 

much  as  B  C;  therefore  in  fuch  dilpolition  (by  the^firil  on'r 
ciple  of  this  Treatife)  the  power  A  is  quadruplicated, and  there 
tore  is  equivalent  to  100,  but  a  power  of  ,-,n  k  ,  ,, 

with  a  wteh,  of  ioo;  .herefoni°L  pS«r  aC 
weight  C,  fo  the  diftance  CB  to  the  diftance  A  B,  which  is  m 

ftrned  ’  U  WI  ^  “  eluMrio'  which  was  to  be  demon- 
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PROVO  S.  II. 

A  Theorem. 

IF  the  proportion  of  the  Tower  to  the  weight  le  greater' ,  than  of 
the  difiance  of  the  weight  to  the  difiance  of  the  Tower  from  the 
Trop,  the  power  will  raife  the  weight  and  overcome  it. 

Fig.  s  *).  Let  the  proportion  of  the  power  A  to  the  weight 
C  be  greater  than  of  the  diftancej  B  C  to  the  diftance  A  B  > 
I  fay,  The  power  A  fo  difpofed  will  overcome  the  weight 
C. 

Demonftration.  Suppofe  another  power  which  hath  the  fame 
proportion  to  the  weight  C,  as  the  diftance  BC  hath  to  the 
diftance  A  B,  this  power  will  be  in  equilihro  with  the  weight 
(by  the  precedent  proportion)  but  the  power  A  is  greater  than 
that  power  (by  the  :  oth  propolition  of  5  Euclid )  therefore  the 
power  A  is  greater  than  that  which  is  in  equilibro  with  the 
weight  C,  therefore  it  will  overcome  the  weight  C,  and  will 
raife  it ;  which  was  to  be  demonftrated. 


PROP  OS.  III. 

A  Theorem. 

Fig.  23.  TF  the  proportion  of  the  diftance  of  the  Tower  from  the 
A  Prop ,  to  the  dftance  of  the  weight  from  the  Prop  he 
greater  than  of  the  weight  to  the  power ,  the  weight  will  he  overcome , 
and  raifed  hy  the  Poii’er .. 

Suppofe  a  greater  proportion  of  A  B  to  B  G  than  of  the 
weight  C  to  the  power  A,  I  f ay  the  powrer  will  overcome  the 
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The  Dembnftraticn.  Suppofe  another  power  D  equal  to  A 
applied  in  the  point  D?  fo  that  as  the  weight  C  to  the  power  D, 
fo  DB  toBC  (it  will  be  by  the  10th  proportion  of  5  Euclid .) 
DB  lefs  than  AB,  and  (by  thefirfl:  of  this)  the  power  Dap- 
plied  in  the  point  D  will  be  in  equiUbro  with  the  weight  C  : 
But  the  power  A  equal  to  D  if  it  be  applied  in  the  point  A, 
hath  greater  motion  with  refpedt  to  the  motion  of  the  weight 
Cj  therefore  by  the  fir  ft  principle  hath  greater  force  than  the 
power  D  which  is  in  eqmlibro  with  the  weight  C,  wherefore 
that  will  overcome  and  raife  it  5  which  was  to  he  demon- 
ftrated. 


P  R  O  P  O  S.  IV.  . 
A  Theorem.  Fig.  25. 


IF  the  proportion  of  the  weight  to  the  Tower  be  greater  than  the 
di fiance  of  the  power  to  the  difiance  of  the  weight ,  or  if  the  pro¬ 
portion  of  the  difiance  of  the  weight  to  the  di fiance  of  the  Tower  be 
greater  than  of  the  power  to  the  weighty  the  power  will  neither  elevate 
nor  fiufiain  the  weight. 

Fir  ft,  Let  the  proportion  of  the  weight  C  to  the  power  A 
be  greater  than  of  thediftance  A  B  toBC ;  I  fay  the  power  A  is 
to  little  to  make  an  equiUbro  with  the  weight  C  ;  For  fuppofe. 
the  power  E  to  which  the  weight  C  hath  the  fame  proportion 
asAB  to  BC ,  and  confequently  the  proportion  of  the  weight 
C  (0  the  power  E  will  be  lefs  than  of  the  fame  weight  C  to  the 
power  A,  and  (by  the  10th  of  $  Euclid .)  the  power  E  is  greater 
than  the  power  A,  but  (by  the  firft  of  this)  the  power  E  ap¬ 
plied  in  the  point  A  is  in  equiUbro  with  the  weight  C,  there¬ 
fore  the  power  A  is  too  little  to  be  in  equilibrio  with  the  weight 
C  $  therefore  can  neither  raife  nor  fuftain  it. 

Secondly ,  Suppofe  the  proportion  of  the  diftance  B  C  to  the 
diftance  A  B  to  be  greater  than  of  the  power  A  to  the  weight 
C  5  I  fay*  The  victory  will  be  in  the  power  of  the  weight  C, 
for  fuppofe  the  power  E  to  be  as  B  C  to  A  B,  fo  E  to  C5  and 
the  proportion  of  the  power  E  to  the  weight  C,  will  be  greater 
than  of  the  power.  A  to  the  fame  weight  C,  and  (by  the  40th  of 
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5  Euclid.)  the  power  of  E  will  be  greater  than  of  A ;  but  (by 
the  firft  of  this)  the  power  E  applied  in  the  point  A  is  in  equili¬ 
bria  with  the  weight  C;  therefore  the  power  A  is  lefs  than 
that  which  is  applied  in  the  fame, point  of  the  Leaver,  in  eyui- 
iibrio  with  the  weight  C,  therefore  the  power  A  cannot  fuf- 
tain  the  weight  C;  which  was  to  be  demonftrated 
<  Although  in  the  Figure  I  have  only  put  a  leaver  of  the  firft 
kind,  thefe  proportions  agree  equally  with  the  3  kinds  of  Lea¬ 
vers,  fince  in  each  kind  as  well  the  powers  as  the  weights  de- 
feribe  Circles. 


PROP  OS.  V . 

A  Theorem. 

A  Tower  is  equivalent  to  fo  many  powers  equal  to  it  [elf  in  force, 
as  its  di fiance  from  the  Prop  contains  the  difiance  of  the  weight 
from  the  fame. 

Fig.  24.  Suppofe  any  power  A  fit  to  Curtain  without  a  Lea¬ 
ver,  a  weight  of  ioo  pounds,  fo  difpofed  in  the  Leaver  that 
the  diftance  of  A  from  the  Prop  contains  four  times  the  di- 
ftance  BC  of  the  weight  from  the  fame  Prop  or  Centre ;  I 
fay  the  fame  power  in  the  point  A  is  equivalent  to  4  powers 
equal  to  it  felf  in  force,  and  fo  can  fuftain  in  this  difpolition  of 
the  Machine  or  Engin,  a  weight  of  400  pounds. 

The  Demonfiration.  As  many  times  as  the  diftance  AB  con¬ 
tains  the  diftance  BC,  fo  many  times  the  motion  of  the  power 
contains  the  motion  of  the  weight,  but  (by  the  firft  principle 
of  Machines)  how  much  the  motion  of  the  power  mcreafes 
above  the  motion  of  the  weight,  it  hath  fo  much  the  more 
ftrength  or  force,  therefore  according  to  the  proportion  of  A  B 
to  B  C,  the  force  of  the  power  will  be  increaft ;  but  by  fup 
pofition  A  B  is  four  times  as  much  as  BC,  therefore  the  power 

applied  in  the  point  A  is  equivalent  to  4  powers  equal  to  it 
lelf  in  venue  or  force. 

Or  the  powei  A  equal  co  ioo  pounds,  will  be  equivalent  to 
4  powers  equal  to  it  felf  in  vertue,  if  it  fuftains  400  pounds  • 
and  it  can  fuftain  them  (by  the  firft  of  this)  if  it  be  as  the 

power 
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power  A  ro  the  weight  of  400  pounds,  fo  the  diftance  BC  to 
the  diftance  A  B,  which  plainly  appears. 


PRO  P  OS.  VI. 

The  Power  being  placed  the*  fame  difiance  from  the  Prop ^  and  the 
weight  being  placed  nearer  to  the  Prep  encreafes  the  force  of  the>  Power. 

Fig.  24.  THIRST  let  the  weight  C  be  diftance  from  the 
JL  Prop  B  the  diftance  of  B  C,  and  let  the  power 
be  in  A  ,*  I  fay  if  the  power  be  always  in  the  point  A,  and  the 
weight  be  removed  from  the  Prop  B,  fuppofe  to  the  point  E, 
that  by  how  much  the  lefier  BE  is,  by  fo  much  the  greater 
will  the  force  of  the  power  be,  in  order  to  fuftain  or  raife  the 
weight  placed  in  E  ;  That  is  if  the  power  applied  in  the  point  . 
A  can  fuftain  or  fupport  a  weight  of  400  pounds  placed  in  the 
point  C  $  I  fay,  If  the  weight  C  beremoved  from  the  Prop  and 
placed  in  the  point  E  j  It  will  be  as  BE  to  B  C  fo  the  weight  of 
400  pounds-to  that- which  the  power  A  can  fuftain. 

The  Demonfiration .  For  let  it  be  as  B  E  to  B  D  fo  the  weight 
C  to  tire  weight  Fj T  fay  the  weight  F  placed  in  the  point  E  will 
be  in  equilibrio  with  the  power  A,  for  when  his  as  the  power  A 
to  the  weight  C,  fo  the  diftance  B  C  to  the  diftance  ABj  as 
alfo  BE  to  BC.  fo  the  weight  C  to  the  w eight  F5  There¬ 
fore  from  diforder’d  equality  (by  13  of  5  Euclid)  the  power 
A  Will  be  to  the  weight  F  as  the  diftance  BE  to  the  diftance 
A  B,  then  (by  the  firft  of  this)  A  and  F  will  be  in  equilibria 
which  was  to  be  demonftrated. 

Corollary.  I, 

Fig.  1$.  From  this  Prcpofition  arrives  feveraf  pra&ife. 
■which  naturally  or  experimentally  Workmen  make  ule  of  for 
moving  of  weights,  or  overcoming  the  refiftance  of  any  bodies  $ 
And  neither  is  this  Dodirine  only  ufeful  in  railing  and  re¬ 
moving  of  heavy  bodies,  but  alfo  in  cutting  off  bodies  and 
parting  them  from  each  other,  and  overcoming  any  reliflance, 
which  I  fhall  only,  fhew  in  brief,  that  it  may  be  turned  from 
them  to  other  matters. 

Firft  in  digging  Stones  out  of  Qarries,  they  often  ufe  a  Leaver 
or  Croe  of  Iron,  and  when  the  Stone  refills  much,  either  by 

reafon. 
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reafonof  its  greatnefs,  or  becaufe  it  will  not  ea  fly  be  feperated 
from  the  other  to  which  it  adhears,  they  remove  the  Prop  as 
near  to  the  weight  as  may  be,  that  fo  they  may  move  it  the 
eafier,  and  for  the  Prop  they  commonly  make  life  of  a  Stone  , 
or  fometimes  two  Stones,  as  if  the  Stone  E  F  were  to  be  part¬ 
ed  from  the  Stone  D  E,  if  D  E  be  firm, the  Prop  will  be  in  the 
point  C,  and  the  weight  in  B,  and  it  will  be  a  Leaver  of  the 
lecond  kind  and  then  the  diftance  of  the  power  will  be  the 
line  AC,  the  diftance  of  the  weight  will  be  BC  ;  then  as  many 
times  as  B  C  is  in  A  C,  fo  many  powers  equal  to  it  feif  will  the 
power  placed  in  the  point  A  be  equivalent  to. 

But  if  the  weight  B  be  fo  drawn  back  from  the  body  C  E 
which  the  proportion  of  the  Prop  hath,  that  the  diftance  CB 
be  made  greater,  there  may  be  put  between  thofe  two  bodies, 
fome  hard  body,  that  fo  the  diftance  C  B  may  be  leffened,  and 
die  force  of  the  power  more  and  more  increafed. 

Fig.  z6.  In  like  manner  when  a  Nail  is  to  be  drawn  with 
a  Hammer,  by  how  much  the  Nail  (which  obtains  the  force 
of  a  weight.)  is  nearer  the  Prop  C,  the  eafier  it  is  drawn  forth  ■ 
whence  when  the  Nail  is  drawn  out  a  little  way,  fo  that  the 
end  of  the  Hammer  C  cannot  reft  on  the  Board  or  Timber 
that  the  Nail  is  in,  we  are  wont  to  put  another  body  between, 
that  the  diftance  may  be  lefs.  v 

Fig .  27.  In  like  manner  in  Pinchers  is  a  double  Leaver  of 
the  fir  ft  kind,  one  whereof  is  the  Prop,  to  wit,  the  Nail  or 
Rivet  B,  about  which  each  part  is  turned,  and  by  how  much 
Idler  the  diftance  B  D  is,  and  the  diftance  A  B  or  B  C  the 
greater,  fo  much  the  more  it  drains. 

Fig.  28.  The  fame  may  be  faid  of  Shears,  wherein  this 
may  be  noted,  The  more  they  are  opened  the  eafier  they  o- 
perate;  becaufe  that  when  they  are  more  opened  the  body 
to  be  cut,  is  nearer  the  Prep  B ;  Example ,  Suppofe  it  in  D,  but 
when  they  are  fliuc  farther,  that  which  is  to  be  cut,  fuppofe 
it  to  be  in  the  point  E  ;  whence  the  proportion  of  the  diftance 
of  the  weight  from  the  Prop  is  greater  than  the  diftance  of  the 
power  from  the  fame  Prop  or  Centre;  moreover  the  longer 
the  Arms  A  B,  C  B  are,  the  more  the  force  of  the  power  is 
encreaft,  and  thus  we  fee  Workmens  long  Shears  cuts  any  kind 
of  Metcalj  many  other  Inftrutnents  we  might  mention,  which 
this  principle  eafily  difeovers. 


When 
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When  we  open  a  Lock  ivith  a  Key,  if  it  opens  hard,  wc 
fmt  a  Stick  into  the  ring  of  the  Key  and  turn  the  Key  with  it, 
for  by  fo  doing  we  make  ufe  of  a  longer  Leaver,  than  when 
we  turn  the  Key  with  our  hand  upon  it. 

When  we  open  Gates  or  Doors,  if  we  lay  hold  of  them 
farther  from  the  Hinges,  they  open  eafier  than  when  we  lay 
hold,  on  them  nearer  to  the  hinges. 

Alfo  from  this  we  may  give  a  reafon  why  a  long  Staff  or 
Pike  weighs  more  if  it  be  lifted  up  by  one  end,  than  if  nearer 
the  middle  ;  as  alfo  why  a  long  Stick,  or  Staff;  or  piece  of 
Timber,  is  bowed  or  broke  with  more  eafe  than  a  fhorter. 

Hence  likewife  a  reafon  may  be  rendred,  Why  in  Mills  fome 
teeth  are  made  ftronger  and  nearer  together  than  others,  ■viz. 
the  foremeft ;  many  things  we  may  run  through  which  may 
be  reduced  to  the  Leaver;  as  in  Navigation,  the  governing  or 
Steering  a  Veffel,  rowing  with  Oars,  &c. 


PROP  OS.  VII.  • 

A  Problem. 

;  >  :•  r  '  . 

To  moy>e  any  weight  with  any  Power  by  a  Leaner  of 
the  firjl  and  fecond  kind. 

-*  *  •  .  s  »  ,  .  ;  * 

Fig.  29.  T  ET  there  be  given  any  weight  B,  and  a  power 

A,  how  little  foever  j  I  fay  the  weight  B  may 
be  moved  by  the  power  A ,  with  a  Leaver  of  the  firft  or  fecond 

^  .  .  D  B  is  not  infinite,  it  will  have  fome 

proportion  to  the  power,  therefore  divide  the  Leaver  CD 
and  make  it,  as  the  weight  B  to  the  power  A  .-  So  the  line 
C  E  to  the  line  ED;  tuppofe  the  Prop  in  the  point  E,  and  the 
weight  applied  in  the  point  D,  and  the  power  A  in  the  point 
G ;  Hay  it  will  be  in  equilibria. 

The  Dtmmfiration.  For  fir.ce  the  power  A  is  to  the  weight 
B,  as  the  di fiance  ED,  to  wit,  of  the  weight  from  rhe  Prop 
to  the  bifiance  C  E ;  to  wit,  of  the  power  horn  the  Prop  (by 

**  the 
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the  firft  of  this)  it  will  be  in  equilibria,  but  if  the  Prop  be 
moved  never  fo  little  to  the  weight,  the  power  will  overcome 
the  weight  and  raife  it. 

We  will  do  the  fame  by  a  Leaver  of  the  fecond  kind,  for 
make  it,  as  B  to  A,  fo  F  H  the  length  of  the  whole  Leaver 
to  GH,  and  let  the  Prop  be  at  the  end  as  at  H,  the  power  at  the 
other  end  at  F,  and  the  weight  in  the  point  G,  as  yet  (by  the 
firft  of  this)  it  will  be  in  equilibro ;  but  if  the  weight  be  moved 
never  fo  little  to  the  Prop’,  the  power  wiil  raife  the  weight, 
and  overcome  it. 

But  a  Leaver  of  the  third  kind,  we  cannot  life  to  effect  the 
fame  thing,  for  when  the  weight  is  placed  at  one  end,  and  the 
Prop  at  the  other,  the  power  which  poffefles  the  middle  place 
will  always  be  lefs  diftant  from  the  Prop ,  than  the  weighc 
will;  and  is  fo  far  from  helping  the  Machine  to  encreafe  the 
force  of  the  power,  that  it  hinders  it,  and  the  weight  from 
fuch  difpofition  of  the  Machine  increafes  its  refiftance ;  for 
generally  fpeaking,  as  often  as  the  difpofition  of  the  Machine 
increafes  the  force  of  the  power ;  fo  often,  if  the  power  and 
the  weight  change  places,  the  force  of  the  power  is  abated, 
and  fo  much  the  refiftance  of  the  weight  encreafed. 

And  this  is  Archimedes’ s  great  Problem,  That  he  would 
move  the  whole  Globe  of  the  Earth,  if  he  could  find  but  a 
place  to  fix  a  Prop  upon,  which  in  Speculation  is  true,  but  in 
pra&ice  impoflible ,  for  who  can  practically  divide  the  length, 
of  a  Leaver  into  any  proportion,  efpecially,  if  for  Example, 
The  Hundredth  Thoufand  part  of  a  Line  were  required,  for  it 
would  make  the  difiance  of  the  weight  fofmall  from  the  Prop, 
that  the  feat  of  the  Prop  would  be  impoflible  to  be  diftinguiftit 
from  the  diftance  of  the  weight. 


\ 
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PR  O  P  OS.  VIII. 


A  Problem. 

7*0  place  a  weight  Jo  on  a  Leaver^  that  no  Jinite  power , 
how  great  JoeDer ,  cvr«  overcome  it. 

Fig.  30.  T  E  T  the  weight  A  be  never  fo  little,  and  any 
1 -a  power  B  equivalent  to  it,  I  fay  thefe  may  be  fo 
piaced  that  the  power  B,  whatever  it  be,  will  be  unable  to 
raile  the  faid  weight.  For  fuppofe,  as  the  power  B  to  the 
weight  A,  fo  the  diftance  KL  to  the  diltance  LM,  and  the 
power  B  in  the  point  K,  and  the  weight  A  placed  in  M  by 
(the  firft  of  this;  it  will  be  in  equilibro ,  whence  if  the  Prop  L 
oe  removed  never  fo  little  to  the  power  confiding  in  K,  it  will 
be  unable  to  raife  the  weight ;  alfo  a  Leaver  given  fuppolinp- 
the  Prop  thus,  we  may  divide  it,  that  a  power  being  placed  aT 
one  end,  uiall  not  raile  the  other  end  of  the  Leaver  •  viz,  If 
we  divide  the  Leaver  K  M,  fuppofing  the  Prop  L  very  nieh 
the  power  in  the  point  K,  it  will  come  to  pafs  that  the  power 

though  very  heavy ,  will  not  raife  the  other  part  of  the 
Leaver  LM.  •  r 


P  B  O  P  O  S.  IX. 


A  Theorem. 

&£•  3 1  •  TU  Hen  the  Centre  of  gravity  of  a  weight  is  in  the  line 
'  ,  .  °f  Leaver,  the  fame  force  is  always  required  to 

move  it,  whatfcever  fite  it  obtains,  fo  that  the  force  move  only  down- 
ward  cr  upward*  J 

G  z  Thole 
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Thofe  things  which  we  have  demonftrated  concerning  the 
Leaver,  in  the  former  Propofttions  are  nrord  unwerfaf;  nor  do 
they  fhew  divers  Circumftances  worthy  of  Note,  which  here 
we  ought  to  examine  ;  And  certain  it  is  that  a  living  power 
which  is  often  ufed  with  a  Leaver,  fince  ’tis  indifferent  to  all 
motion,  it  will  move  as  well  downard  as  a  thwart.  But  weights 
which  by  their  own  nature  gravitate  only,  lefift  motion  up¬ 
wards,  and  therefore  their  cicular  motion  is  not  fo  much  to 
keconfidered,  as  their  fimple.  Perpendicular  motion,  which, 
that  I  may  handle  every  one  feverally,  I  (toll  expofe  feveral 
Cafes.  And  Firft,  we  (hall  take  notice  of  the  power  forcing 
only  downwards  as  it  were,  and  to  a  weight  may  be  com¬ 
pared  in  divers  manners  with  a  Leaver,  for  either  the  Centre  of 
gravity  of  the  weight,  or  as  it  were  its  mid  die  is  in  the  Leaver, 
and  which  is  the  fame,  is  hanged  freely  onthe  Leaver,  or  it 
is  above  the  Leaver, or  beneath,  the  Leaver :  In- this  proportion 
we  appoint  the  Centre  of  gravity  in  the  Leaver. 

Suppofe  the  Centre  of  gravity  of  the  weight  A  in  the  Lea¬ 
ver  ,  I  fay,  If  the  power  only  force  downwards,  the  fame 
power  is  required  to  fuftain  the  weight  ,ia  what  lite  fo  ever 
it  is. 

7he  Demanftration.  As  well  the  weight  as  the  power  tend 
downwards,  wherefore  if  the  cicular  motion  be  confidered, 
both  of  the  power  and  the:  weight,  they  will  be  proportionally 
diftant,  or  their  diftances  will  be  proportional,  fince  like  arches 
are  proportional-  to  the  Semidiameters  of  their  Circles ,  or  if 
the  perpendicular  motions'  G  E,  C  H  be  confidered,  they  aifo 
will  be  proportional,  becaufe  the  Triangles  CBH,  BGE  ate 
proportionals ;  whence  if  the  power  move  only  downwards, 
the  fame  force  is  required  fo  fuftain  or  move  the  weight, 
whether  the  Leaver  be  Hiriz,ontal  or  oblique. 
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PROVO  S.  X. 

Fig.  31.  A  Vower  moving  equally  m  every  'different  place,  meveth 

a  weight  more  eafily ,  rohofe  Centre  is  in  an  oblique 

beam  cr  leaver,  than  in  an  Horizontal  one. 

Let  the  power  be  A,  equally  able  to  move  a  weight  in  any 

difference  of  place,  and  let  the  weight  be  D,  whole  Centre  is 

in  the  Leaver;  I  fay,  If  the  Leaver  be  railed  in  E,  the  power 

will  more  eaflly  move  the  fame  weight,  than  if  the  Leaver 

were  Horizontal,  as  A  D. 

*  ;  1  " 

The  Demonstration.  Weight,  or  any  heavy  body,  refills  only 
motion  upwards,  therefore  a  Perpendicular  line  is  its  meaiure 
of  refiilance  ;  Therefore,  Firfl  let  the  weight  be  moved  ac¬ 
cording  to  the  Arch  DE,  the  refifiance  will  be  the  line  EH, 
Secondly,  let  it  be  moved  according  to  the  other  Arch  equal 
to  EF,  the  refiftance  will  be  according  to  the  Perpendicular 
FI;  And  it  is  clear,  that  the  line  F I  is  lefs  than  the  line  EH: 
Therefore  although  the  fame  power  move  through  the  Arch 
G  B,  equal  to  AB,  and  fo  advances  the  fame  vertue  or  force 
f according  to  the  firft  principal)  you  will  find  lefs  refifiance  in 
E  than  in  D,  therefore  it  will  move  eafier  while  the  Leaver 
obtains  an  oblique  or  politico, than  when  it  hath  an  Horizontal  3 . 
which  was  to  bedemonfirated. 


Hence  if  follows,  That  in  an  oblique  fire  a  power  is  in  eqm~ 
llbro  with  a  weight,  although  the  proportion  of  the  power  to 
the  weight  be  not  reciprocally  the  fame,  which  the  difiance  of 
the  weight  is  to  the  difiance  of  the  power  from  the  Prop ;  to 
wit,  becaufe  the  motion  of  the  weight,  according  to  which 
its  refifiance  endeavours,  is  not  the  Arch  E  F  but  the  Perpen¬ 
dicular  line  FI,  although  the  'motion  of  the  power,  accord¬ 
ing  to  which  it  exercifes  its  adlivity  fhould  be  by  the  Arch  BC, 
but  the  Arch  B  C  and  the  Perpendicular  F I  are  not  propon ional 
to  the  difiances  KB,  KE. 

Never  thelef  - 
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Neverrhelefs  in  an  Horizontal  fite  D  A,  becaufe  the  Perpen¬ 
dicular  Phifically  falls  in  with  the  Circle  DH,  the  common 
Rules  ought  to  be  obferved. 


PROP  OS.  XL 
A  Theorem. 

Fig.  33.  'T  F  the  Centre  of  a  weight  he  above  the  Leaver ,  the 
X  weight  is  e after  raifed  above  the  Horizontal  line  than 
beneath ,  from  the  power  only  forcing  downwards . 

Suppofe  the  weight  A,  and  its  Centre  above  the  Leaver  y 
fince  the  weight  always  prefles  downards  according  to  a  Per¬ 
pendicular  line '}  in  an  elevated  fite  it  weighs  downwards  accord¬ 
ing  to  the  line  IF;  and  then  the  true  diftance  will  be  the  line 
PE;  but  in  an  Horizontal  fite  the  true  difiance  will  be  BE: 
In  a  deprefled  fite  it  will  be  DE;  *Tis  certain,  that  DE  is 
greater  than  BE,  and  this  greater  than  FE,  and  fo  in  re^ 
ipedt  of  the  powfer  applied  in  the  Leaver,  and  only  prefiing 
downwards,  the  motion  in  C  will  be  more  difficult  than  in 
A,  and  in  A  than  in  I. 

But  what  I  have  faid  is  with  refpedt  to  the  powTer,  its  mo¬ 
ving  fimply  downwards ;  becaufe  if  it  fhould  move  equally, 
or  alike  in  every  different  place,  the  proportion  of  the  Dodtrine 
delivered  in  the  1  oth  Prop,  would  enfue. 


P  R  O  P  O  S.  XII. 

A  Theorem. 

Fig.  34.  T  T  7  Hen  a  weight  hath  its  Centre  of  gravity  beneath 
V  V  the  Leaver  in  a  deprefled  fite  or  Pofition ,  lefs  force 
is  required  than  in  an  Horizontal,  and  greater  in  an  elevated 
fte . 


Suppofing 
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Suppofing  the  Proof  of  the  former  Proportion ,  this  ap¬ 
pears  clear  enough,  neither  doth  it  need  any  further  explica¬ 
tion,  fince  in  a  depreffed  fitc  the  perpendicular  cuts  offa  lefler 
or  Shorter  diftance  than  in  the  Horizontal,  and  in  an  elevated 
file  it  cuts  off  a  greater ;  the  fame  caution  is  to  be  noted. 

But  when  the  weight  freely  depends  on  the  Leaver,  it  is  aL 
mod  in  the  fame  manner,  as  if  the  Centre  of  gravity  of  the 
weight  were  found  in  the  Leaver :  For  always  the  fame  diftance 
remains  to  the  Prop  or  Centre,  efpecially  vertually,  becaufe  the 
weight  fo  moved,  is  as  if  it  truly  txifttd  in  that  point  of  the 
Leaver  whereby  ftis  hung. 


PROP  OS.  XIII. 


A  Theorem. 

Fig.  35.  TF  by  r erf  on  of  the  Figure  of  the  Prop,  the  point  on  which 
JL  the  Leaver  refs  he  changed ,  the  proportion  alfo  of  the 
force  of  the  Power ,  to  the  refinance  of  the  weight  will  he  changed. 

The  Figure  of  the  Prop,  may  be  various*  and  it  may  be  fo 
made,  that  in  its  motion  it  may  bear  the  force  of  one  or  ano¬ 
ther  point  of  the  Leaver ;  whence  it  comes  to  pafs,  that  the 
diftance  of  both  the  power  and  the  weight  are  not  the 
fame ;  and  fo  the  whole  proportion  of  the  force  of  the  power 
to  the  refiftance.  of  the  weight  is  changed  ;  as  if  the  Prop. 
Ihould  be  Spherical,  and  the  Leaver  in  an  Horizontal  fite  Ihoukh 
touch  it  in  the  point  A,  but  in  an  elevated  fite  it  would  touch 
it  in  the  point  B  5  The  fame  I  fay  if  the  Prop,  ftioald  be  an 
oblong. 
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P  ROVO  $.  XIV. 

The  motion  of  a  power  obhogue  to  the  Leaner ^  is  lejs 
powerful  than  when  right. 

Flo- .  76.  JY  the  power  be  A,  which  preffes  the  Leaver  ac- 
1  cording  to  the  oblique  line  A  B  ;  I  fay  this  motion 
is  lefs  powerful  or  able,  than  if  the  fame  foice  pied  the  lea¬ 
ver  according  to  the  perpendicular  line  AC. 

1  hs  Demonft ration.  That  motion  tends  not  f)  much  m  railing 
the  weight,  as  in  drawing  bacie  the  leaver  fiom  the  hi  op,  as 
the  motion  A  D  forces  the  leaver  againft  the  Prop,  and  con- 
fequently  it  rather  relifts  the  Prop,  than  the  weight. 


P  ROPOS.  XV. 

i  \  ' 

A  Theorem. 

J  motion  fi  fretting  forward  to  the  weight ,  that  it  forces 
it  oh homely  to  the  line ,  according  to  which  it  Jhould 
he  moDedj  is  lefs  powerful. 

Fi<r.  1 7.  fTp  H  E  weight  is  A,  which  ffiould  only  move  ac- 
*  j[  cording  to  the  line  A  B,  and  the  Leaver  whofe 

Prop  is  in  C,  touching  the  weight  in  the  point  D,  and  forcing 
it  according  to  the  line  D  E ;  1  lay,  The  motion  of  fuch  weight 
wiil  be  more  difficult  than  if  it  had  been  forced  according  to 
the  line  A  B  j  for  the  force  of  motion  according  to  the  line 
D  E,  as  composed  of  a  double  motion,  to  wit,  as  it  were  ot 
a  Perpendicular,  and  of  an  Horizontal  I  fay;  as  often  as  ’tis 
Perpendicular,  it  refifts  the  fubjected  plane ,  and  fo  part 
of  that  force  is  ufed  in  vain,  in  overcoming  this  rdiftance. 

Vrop, 


Book  II. 


Mechanic ^  Powers 


4  9 


PRO  VOS.  XVL 


A  Theorem, 

■r  %  J  Hen  two  Towers  confifiing  at  the  ends  of  a  Leaver ,  fufiain  a 
V  V  weight  hung  on  it ,  that  which  is  neerefi  to  the  weight  fuftains 
the  greater  fart  of  the  weight ,  and  that  which  is  further  the  lelfer 
part  frofortionally  to  the  difiances  reciprocally. 

Fig.  38.  There  are  two  powers  A  and  B  confifting  at  the 
ends  of  the  Leaver,  and  fuftaining  the  fame  weight  C  j  I  fay, 
the  Power  A  fuftains  a  greater  part  of  the  weight  than  B  ■,  that 
is,  if  the  weight  C  be  <$o  pounds  and  B  C  the  double  of  A  C ;  I 
fay,  the  power  A  fuftains  40  pounds,  of  the  weight,  and  the 
power  B  fuftains  only  10  pounds :  Or  that  the  powers  may 
fuftain  the  weight  C,  the  power  in  B  malt  be  equal  to  a 
weight  of  20  pounds,  and  the  Power  in  A  equal  to  40 
pounds. 

The  Demonfiration.  The  Power  A  in  refpedl  of  the  Power  B 
is  as  the  Prop,  therefore  that  they  may  be  in  equilihro,  it  ought 
to  be  as,  A  C,  the  diftance  of  the  weight  from  the  Prop  A, "to 
A  B  the  diftance  of  the  power  from  the  fame  Prop,  fo’tbe 
power  B  to  the  weight  C  reciprocally  (  by  the  firft  of  this )  but 
A  C  is  by  fuppofition  a  third  part  of  the  line  A  B,  therefore 
there  is  required  in  B  a  power  equal  to  a  third  part  of  the 
weight,  to  wit, of  10  pounds ;  In  like  manner,  becaule  with  re- 
fpeft  to  the  power  A,  as  the  power  B  hath  by  means  of  the 
Prop,  fo  will  be  the  diftance  C  B  of  the  weight  from  the  Prop 
to  A  B  the  diftance  of  the  power  from  the  lame,  as  the  powT 
A  to  the  weight  C  reciprocally,  (  by  the  firft  of  this )  but  C  B 
is  fuppofed  to  contain  two  third  parts  of  the  whole  line  A  B 
therefore  alfo  the  Pow'er  A  will  be  equal  to  ■§■  parts  of  the 
weight  C,  to  wit,  of  forty  pounds :  Which  was  to  be  de- 
monftrated. 
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If  the  weight  be  precifely  in  the  middle,  each  power  Mains 
only  an  half  part.. 

Corollary.  II. 

Both  Powers  taken  together,  ought  to  be  equal  to  that 
power  which  can  raife  the  weight  without  a  Leaver. 

Corollary.  III.. 

Hence  we  may  determine  whether  the  Prop  be  fit  to  Hi  (lain 
the  weight,  for  it  always  agrees  with  fome  part  of.  the. weight, 
especially  in  Leavers  of  the  Second  kind. 

Corollary.  IV. 

In  a  Leaver  of  the  firft  kind,  the  Prop  luftains  as  much  of" 
the  weight  as  the  power,  and  its  refiftance  ought  to  be  equal, 
to  both  taken  together. , 


When  t  powers  confift  at  the  ends  of  a  Leaver  ftiftaining  a 
weight  placed  in  the  middle,  we  may  eafily  determine  how 
much  of  that  weight  each  power  bears,  to  wit,  by  dividing , 
the  whole  weight  according  to  the  proportion,  which  the 
cowers  have  with  the  weight  reciprocally  ;  What  I  have  lata 
in  refpeft  of  the  Leavers  bearing  or  fuftaining  the  weight,  may/ 
aifo  be  understood  of  drawing  a  weight}  As_  if  a  draw,  and  ; 
the  weight  A  be  fixt,  not  in  the  midle  of  the  Leaver  BC}  the 
Leaver  will  be  .  moveable  only  about  the  point  D 
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P  EOF  OS.  XVII. 
A  Theorem. 


POivers  confining  at  the  ends  of  a  Leaver ,  do  not  bear  the  weight 
eafier  on  a  longer  Leaver  than  on  a  Jhorter. 

Fig.  39.  Let  the  powers  be  A  and  B,  and  the  Leaver  like- 
wife  A  B,  fuftaining  the  weight  C  5  and  let  there  be  2  other- 
powers  D  and  E  fuftaining  the  fame  weight,  or  one  equal  to  it, 
on  the  longer  Leaver  5  I  fay  the  length  of  the  Leaver  D  E  adds 
nothing  to  the  facility  $  for  let  there  be  the  fame  proportion 
of  A  G  to  C  B,  as  of  D  F  to  FE,  I  will  /hew  in  both  cafes  that 
the  fame  part  of  the  weighr  k  fn ftmined  by  the  power  B,  as  is 
fuftained  by  the  power  E,  and  the  fame  by  the  power  A  as  by 
the  power  D  :  In  like  manner  (  from  Corollary  z  )  I  will  fhew 
in  both  cafes  that  the  powers  taken  together  are  equal  to  the 
weight,  whence  the  greater  Leaver  effects  no  more  than  the 
lefler. 

Neither  doth  it  feem  ftrange,  that  the  length  of  the  Leaver 
adds  nothing  to  the  force,  that  is,  if  two  Leavers  of  unequal 
length,  but  divided  alike  from  ihe  Prop,  that  is,  let  the  pro¬ 
portion  of  the  diftance  in  both  be  a  like,  the  like  effect  follows 
In  both* 


P  R  O  P  O  S.  XVIII. 

A  Theorem. 

WHUe  z  Towers  fufiain  a  weighty  whofe  Centre  is  above  the  Lea- 
ver,  in  a  declined  fite ,  the  lower  Tower  bears  the  greater 

weight . 

Fig.  40.  Let  the  2  Powers  be  A  and  B,  and  let  the  weight 
be  above  the  Leaver  and  its  centre  C,  and  let  the  perpendi- 

H  *  cuiar 
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cularbeCD:  I  fay,  the  power  B  fuftains  greater  part  of  the 
weight  than  if  the  Leaver  were  in  an  Horizontal  fite  3  For  the 
weight  always  a£ts  by  a  line  perpendicular  to  the  Horizon,  as 
in  this  cafe  by  the  line  C  E,  when  before  it  afted  by  C  D,  there¬ 
fore  the  weight  becomes  nearer  the  power  B:  wherefore  the 
power  B  bears  a  greater  part  of  the  weight  (  by  the  prece¬ 
dent.  ) 

But  if  the  weight  be  beneath  the  Leaver,  the  contrary  hap¬ 
pens,  as  in  the  fecond  example,  in  which  the  weight  hangs 
on  the  Leaver  by  the  line  I  K,  which  weight  inclines  to  the 
power  F,  and  therefore  in  this  cafe,  the  power  F  bears  more 
weight,  than  if  the  Leaver  were  in  an  Horizontal  fite  ^  Laftly, 
if  the  weight  hang  freely  it  will  not  change  the  fite.  and  con- 
fequently,  neither  power  fuffers  by  the  declination  of  theL^~ 
ver  or  Beam . 


P  RQVQS.  XIX. 


A  Theorem. 

W. Hen a  fewer  draws  by  a  line  oblique  to  the  Leaver ,  its  true 
diftance  is  a  perpendicular  from  the  Vrop ,  to  the  line  of  Di¬ 
rection. 

Fig.  41.  Let  the  Leaver  or  Beam  be  A  B,  and  the  power 
drawing  by  the  line  B  C  oblique  to  the  Beam,  to  which  from 
the  Prop  F  is  drawn  a  perpendicular  F  D  3  I  fay,  the  true  difi¬ 
ance  of  the  power  to  be  look'd  upon,  according  as  the  increafe 
or  decreafe  of  the  vertue,  or  force,  is  the  line  F  D. 

The  Demonstration.  Suppofe  the  power  to  confift  in  the  point 
D,  which  draws  the  cord  from  D  in  E,  and  draw  the  line 
FE3  In  the  mean  time  the  Leaver  defeends  in  the  point  G 
draw  the  line  EG,  and  becaufe  in  the  triangles  FOB,  FEG, 
the  fides  FG,  FB,  alfo  F  D,  FE,  and  the  length  of  the  Chords 
B  D,  G  E  is  the  fame  (  by  the  8th  of  the  ift.  of  Euclid.  Jail  the 
angles  will  be  equal,  among  which  GFD,  BFE  will  be  equal, 
and  the  common  angle  BFD  being  taken  away,  there  remains 
the  angles  GFE,  D  F B  equal,  and  confequently  the  arches  BG, 


IB 


A 


£ 


Fm.JXJR. 


& 

£ 


Fw.yxjv. 

A  D  B 


/’^.xxvir. 

B. 


Fw.jocm.  a 


V  ' 

,%.XX V!.;- 


XXVT 


Fu/.'XXK. 


Xf 


■  m 

/F 

fSo/ 

/it 

>Ti^.~SmKy0 

,  7"j 

L  *■ 

— - — 0 

@ 


33H 


T 

C 


ijy.XXXI. 

g  J 


A 

-F^.XXXrV. 


V 


.XXXV. 


©  A  J^.xxm. 


F/q.xxxvn. 


JU 


C  V 


A 


Fig.  mx . 

C  B 


c 

i- 

III 

r 

B 


B 


£ 


D 

H 


L_ 


Fig.  XL, 


c 


*  ■ 


•  . 


V* 


•  ' 


v 


p 


< 


\ 


Book  IL  Mechanic 4  P  ewers'.,  $  3 

HI  equal  But  the  arch  DE  according  to  which  the  power 
is  moved,  is  to  H  I  or  RG,  or  A  K  the  motion  of  the  weight, 
as  F  D  to  A  F  :  therefore  the  true  diftance,  according  to  which 
the  motion  of  the  power  encreafes  or  decreafes  in  the  line  F  D, 
perpendicular  to  the  line  of  direction  $  which  was  to  be 
demonftrated. 

But  if  the  power  be  in  the  point  C,  and  it  move  upon  the 
Circumference  MC,  it  may  eafily  be  fhewn  that  the  ardi  MC, 
is  equal  to  the  arch  B  G,  and  confequently  in  this  cafe  the 
true  difiance  feems  according  to  that  which  is  Jookt  upon  as 
its  force  to  be  the  line  FG  or  FC>  which  would  be  contrary 
to  the  precedent  part  of  the  proportion  :  But  the  line  B  C  is 
fuppofed  to  be  flexible  in  the  point  G,  and  fo  the  power 
placed  in  C  may  move  about  the  point  B,  as  about  a  Centre, 
although  the  Leaver  F  G  remain  unmoved,  Suppofing  then 
from  the  point  B,as  from  a  Centre, we  deferibe  the  arch  C  O,  fo 
that  the  line  B  O,  which  may  be  imagined,  be  equal  to  the 
line  B  C  ;  draw  a  chord  from  the  point  O  even  to  M,  fo  that 
in  the  mean  while  the  end  of  the  Beam  pafs  from  the  point' 
B,  to  the  point  G,and  O  M  will  be  the  true  motion  of  the  power, 
which  I  affirm  to  be  equal  to  the  line  D  E  j  For  flnce  DC  or  D 
O  is  one  half  part  of  the  line  C  K,  and  E  M  half  of  the  line  M  G  $ 
then  DO  and  E  M  will  be  equal,  and  that  which  is  common 
being  taken  away,  viz,.  E  O,  then  D  E  and  M  O  will  be 
equal,  wherefore  the  power  in  that  end  of  the  line  is  not 
more  moved  than  if  it  were  applied  in  the  point  D,  There¬ 
fore  its  true  diftance  will  be  F  D  5  which  was  to  be  demon- 
fixated. 

Corollary.  L. 

If  the  line  BC  be  not  Flexible, neither  in  the  point  B  nor  any 
other,  but  firmly  adheres  to  the  point  B,  the  thing  will  be 
otherwife$  for  if  you  apply  the  power  in  the  point  D,  its 
difiance  according  to  what  is  examined  of  the  increafe  or  de- 
creafe  of  the  force,  will  be  D  F,  but  if  it  be  applied  in  the 
point  C,  its  true  diftance  will  be  the  line  F  C,  and  its  true  mo¬ 
tion,  according  to  which  it  moves,  will  not  be  only  the  line 
M  O,  but  the  whole  arch  M  C. 

Corollary 
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Corollary.  II. 

Fig.  42.  The  line  of  dire&ion  which  is  perpendicular  to  the 
Leaver  is  moft  apt  to  move,  and  by  it  the  power  hath  the 
greateft  force  that  it  can  have  at  the  end  of  the  Leaver ;  toi¬ 
let  the  Leaver  be  A  B,  the  Prop  C,  and  let  the  line  of  direct¬ 
ion  B  D  be  perpendicular  to  the  Leaver  A  B:  I  lay,  in  any 
other  line  of  direction,  the  power  is  lefs  able;  for  let  it  be 
another  line  BE,  which  makes  an  accute  angle  CBE,  and 
which  confequently  falls  within  the  circle,  draw  to  it  the 
perpendicular  C  F,  which  (  by  the  prefent .)  is  the  true  diftance 
of  the  power,  and  lefs  than  C  B,  wherefore  when  the  Lea¬ 
ver  draws  by  the  line  B  E,  it  hath  lefs  force  than  by  the  line 
B  D.  Moreover  let  there  be  another  line  of  dire&ion  BG, 
and  the  angle  C  B  G  obtufe,  and  confequently  the  other  angle 
CBH  will  be  accute,  and  B  H  will  be  within  the  circle  which 
being  divided  in  the  middle  in  1,  (  by  3  of  3  or  Euclid.  )  C  I 
will  be  perpendicular  to  B  H,  and  the  fame  C  I  will  be  the 
true  diftance  of  the  power ;  which  lince  ’tis  lefs  than  C  B,  the 
power  alfo  will  have  lefs  force. 

Corollary.  III. 

Fig.  43.  The  true  diftance  of  weights  which  draw  by 
gravity  only,  is  a  Segment  of  the  Leaver  Horizontally  placed 
between  the  Prop  and  the  perpendicular  3  let  the  Leaver  be 
A  B,  the  weight  by  its  gravity  drawing  downwards  in  B : 
Suppofe  the  line  E  F  in  an  Horizontal  lire,  and  draw  the  per¬ 
pendicular  B  C ;  I  fay,  the  true  diftance  of  the  weight  B  is 
D  C,  for  all  heavy  things  draws  by  a  vertical  line  to  which  the 
Horizontal  line  D  C  is  perpendicular  3  I  fay,  the  fame  if  the 
weight  were  in  the  point  H,  the  true  diftance  would  be  D  G„ 
Whence  it  follows,  that  a  weight  depending  on  a  Leaver  Hori¬ 
zontally  difpofed  hath  greater  force. 

And  here  I  will  add  fomethingout  of  the  Learned  Cafatus 
his  Mechanics ;  fays  he  It  may  perchance  be  pertinent  to  our 
prefent  purpofe,  and  not  unpleafant  to  the  Reader,  if  l  here  de¬ 
clare  fomethingof  an  invention:  When  I  heard  a  certain  man, 
declaring  that  a  f?ell  of  a  vaft  weight,  was  carried  eafily  on 
Brafs  Wheels,  which  by  length  of  time  were  worn  out,  but 
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by  what  artifice,  or  in  what  order  they  were  difpofed>  or  made, 
he  could  not  tell 3  Wherefore  he  confidering  with  me  how 
it  might  be  done,  I  happened  on  this  thought,  that  I  efteem wi¬ 
the  mod  heavy  bell,  might  eafily  be  repulfed,  by  diminifhing, 
or  leffening  the  refinance,  which  arifes  from  the  wearing  of  ’ 
the  Prop,  or  Stay,  and  Axis  together  3  For  let  B  and  C  be  two 
fmall  wheels  (  Fig.  44.  )  offolid  Brafs,  whofe  diameters  are  in 
fome  different  proportion  to  the  diameter  of  the  axis  on  which" 
the  bell  bears,  or  lies;  And  let  the  femidiameter  of  the  Axis  be. 
AE,  and  of  the  little  Wheels  BE,  in  proportion  double,  there¬ 
fore  alio  the  peripheries  will  be  in  the  fame  proportion,  there¬ 
fore  wrhile  the  point  I  in  H  compleats  a  quadrant, the  little  Wheel 
alfo  is  turned  about,  whofe  periphery  is  equal  to  half  a  qua¬ 
drant;  Wherefore  if  to  the  little  Wheel  there  fhould  be  fixt  an. 
Axis,  whofe  Semidiameter  BG  is  equal  to  the  Semidiameter r 
A  E,  the  rubbing  or  wearing  will  be  made  with  •§•  part  of  the : 
Periphery  of  the  Axis  of  the  little  wheel  B ;  but  becaufe  alfo 
in  the  little  wheel  C,  the  rubbing  or  wearing,  will  be  made 
equal  with  the  fame  Axis,  almoft  nothing  of  moment  is  gained, 
becaufe  the  whole  wearing  is  equal,  as  if  the  quadrant .  E  O 
were  turned  about  in  a  firm  and  hollow  Prop:  And  it  will 
rather  be  a  leffening  of  labour  in  carrying  the  bell,  if  the^  little 
Wheels  were  fixed  to  an  Axis  :  and  fince  the  Axis  Cylindrical 
the  fubjedled  Wheels  doubtlefs  will  touch  in  a  line,  a  fmall 
part  of  the  Prop;  And:  the  Axis  of  the  Wheels  fair  or  fit  with  s 
their  concave  parts  in  the  fuperficies  which  are  worn  while  the 
wheels  are  turn  d  round:  Unlefs  by  chance  the  Convex  fuper¬ 
ficies  of  the  Cylindrical  Axis  B  G,  be  fomewhat  leffer  than  the 
concave  fuperficies  of  the  Wheel  ;  and  therefore  they  touch- 
each  other  according  to  a  line  as(by  thei  3th  of  the  yl  of  Euclid.')  j 
his  eafy  to  demonftrate,  which  doth  not  often  happen. 

But  his  not  needful  to  make  fuch  folid  Axes  to  the  Wheels ; 
B  and  C,  For  if  the  axis  A  E  is  convenient  to  bear  the  weight- 
of  the  whole  bell,  a  pair  of  equal  Axes  will  refill  or  bear . 
double  the  weight :  Therefore  his  fufficient  if  each  of  the  Axes 
B  and  G,  fuftain  half  the  weight;  But  fince  the  refinance  of 
the  Cylindars Jeaft  they  be  broken,  ought  to  be  in  triple  proporti— 
on  of  their  diameters^  his  fufficient  to  find  two  mean  continual  < 
proportionals  betweeen  the  femidiameter  AE  and  its  half;, 
for  that  which  is  next  lefs  to  A  E  will  be  fufficient,  for  the 
Semidiameter  of  a  Cylinder,  having  Subduple  Solidity  and  refill- 
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ance,  but  (HU  the  Semidiameter  requires  to  be  lefs,  becaufe  the 
weight  bears  or  preffes  obliquely  on  the  Axes  of  the  Wheels  B  and 
C  ;  whence  the  weight  of  the  bell  on  thofe  axes  is  according  to 
the  lines  AB,AC,  and  not  according  to  the  perpendicular  A  Dp 
Therefore  as  A  D  to  A  B,  fo  reciprocally  the  weight  on  A  B  to 
the  weighron  A  D  ;  but  the  weight  on  either  axis  is  as  the  fub- 
duple  ( or  half )  Summ  to  the  whole  weight ;  therefore  the 
weight  on  B  A  is  lefs  than  fubduple,  and  the  proportion  con¬ 
tinuing  is  made  lefs ;  For  when  the  Semidiameters  A  E  and  B 
E  are  given,  the  whole  B  A  is  known  ;  and  B  D,  and  alfo  its 
equal  B  E  is  known  ;  therefore  (by  the  47th.  of  ift.of  Euclid.  ) 
alfo  A  D  will  be  known,  whofe  quadrate  you  will  find,  if  from 
the  Square  of  B  A  you  fubtradfc  the  Square  of  B  D. 

Therefore  if  by  Hypothecs  BA,  be  3,  its  Square  is  9;  and 
B  D  i,  its  Square  is  4,  which  fubt rafted  from  9,  there  remains 
the  quadrate  3,  whofe  root  is  2,13  and  is  the  right  line  DA: 
The  weight  therefore  on  B  A  to  the  whole  weight  of  the  Bell 
on  both  axes *B  and  C,  is  as  2,  23  tod, 00:  But  becaufe  the 
refiftance  of  like  folids  is  in  triplicate  proportion  of  their  homo- 
logal  lides(  and  in  Cylinders  the  proportion  of  their  diameters  is 
had  )  if  you  fee k  two  mean  proportional  numbers  between  d, 
00  and  2,  23  which  you  may  do  if  you  draw7  the  quadrate  of 
one  extream  into  the  other  extream,  for  the  Cube  root  of  the 
produft  is  the  term  next  to  that  number  whofe  fquare  you  af- 
fumed:  Therefore  firft,  the  Square  of  d,  00  being  36,  ocoo? 
draw  it  into  2,  23  and  the  cube  root  of  the  product  80280000 
is  431,  ~  :  But  the  quadrate  of  the  other  extream  2,  23  is  49729 
being  drawn  into  d, 00,  gives  29837400  whofe  cube  root  3 10, 
is  the  other  mean;  Therefore  the  4  numbers  600, 43 1-310,223, 
are  continual  proportionals,  the  fractions  being  flighted ; 
Wheref  ore  if  you  make  it  as  600  to  431,  fo  the  femidiameter 
A  E  to  BN,  this  femidiameter  fought  will  be  fufficient  to  bear 
the  weight. 

And  becaufe  B  E  is  the  double  of  A  E,  and  A  E  to  B  N  is 
made  as  6 00  to  43 1,  BE  will  be  to  B  N,  as  1  200  to  43 1  ;  And 
.according  to  this  fame  proportion  will  the  Semiquadrants  be 
that  are  defcribed  by  them.  JSut  the  eighth  part  of  the  Em- 
pkcry  from  the  radius  B  F,  is  equal  to  the  quadrant  from  the  ra¬ 
dius  A  E  ;  therefore  the  quadrant  E  O  to  the  Semiquadrant  of 
the  radius  B  N,  is  alfo  as  1.200,  to  43 i ,  Therefbreif  the  rubing 
'  t  axis  of  the  bell  with  the  fixed  Prop  and  hole,  be  1 200, 
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the  Wheel  B  with  its  Axis  is  43 1,  to  which  the  rubing  upon  of 
the  other  Wheel  C  with  its  Axis  is  equal ;  and  therefore  the  uaider 
Wheels  the  diameter  whereof  is  only  double  to  the  diameter  of 
the  axis  of  the  bell,  the  rubing  upon  is  as  86 1  to  the  robing  up- 
on  which  is  as  1200;  If  therefore  the  diameter  of  the  \Vheels 
to  the  Axis  of  the  bell  be  not  only  double, but  triple  or  quadruple, 
the  rubing  upon  will  be  much  Idler,  and  the  facility  in  carrying 
the  bell  greater. 


OF,  THE 

Wheel  or  Axes  in  'Peritrochio. 
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Fig.  45,  4 6.  A  Xes  in  Peritrochio,  which  in  Latin  they  call 

Suculum ,  or  Windlace  •  It  COnfills  of  a  Cy/in- 
tier,  or  round  piece  A  B ,  to  which  is  fixe  an  AxisC  D,  it  hath 
alio  handles  01  ladius  s  fixt  to  the  Cylinder ,  about  the  Cylinder  a 
rope  is  turned  to  which  the  weight  is  faftned;  fometimes  the  Axis 
C  D,  is  parrallel  to  the  Horizon,as  in  Fig .  4 6,  and  fometimes  it  is 
perpendicular  to  the  Horizon,as  in  Fig.  45.  and  may  be  varioufiy 
made,  and  yet  its  dfence^  or  being,  remain  unchangeable,  and 
the  fame  power  perfevering  in  augementing  5  For  whether 
the  handles  be  immediately  fixt  to  the  Cylinder ,  as  in  Fly.  4^ 
or  whether  they  be  fixt  to  the  Circumference  of  the  Wheel,  as 
in  Flfr.  43.  it  differs  little,  for  the  true  length  of  the  radius 
is  the  difrance  of  its  end  from  the  Axes. 
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VROPO  S.  1. 


A  Theorem., 

THe  Wheel  or  Axis  BiPefitroChiO,  ts  a  Balance  or  Leavers 

Fig-.  4.7.  Let  thebafe  of  the  Cylinder  be  A  B,  its  Cert- - 
tre  or  the  Common  Sediort  ol'  the  bafe  and  Axis  the  point  C, 
which  when’t  is  immovable  hath  the  rorce  of  a  fulciment  or 
Prop  let  the  weight  hang  from  the  point  A,  and  the  Power 
-  V  T  r  there  will  be  found  a  Balance  or  Leaver  of  the  fiift 
kind  for  although  the  handle  B  D  be  not  always  fat  in  the  r 
fame  plain  wherein  the  weight  A  is  found,  neverthdefs  it  de- 
fcribes  an  equal  Circle  to  that  which  it  runs  over,  if  it  exift  in, 
i  fome  nlain  •  and  therefore  is  found  robe  a  Ballance  or  Leave > 
ofilfe  fcft  kind,  And  .he  fame  Proportions  which  we  have 
made  of  the  Leaver  may  be  applied  to  this  Engm,  face  the 
incrcafe  of  the  motion  of  a  power  above  the  motion  o.  a 
we  fat  is  the  fame ;  Therefore  (  by  the  firft  principle  of  this  J 
tiie  inheafe  of  force  is  the  fame  :  But  m  the  lecond  cafe 
in  which  the  weight  depends  on  the  point  F,  the  Prop  is  in 
H  and  the  Power  in  G,  his  a  Leaver  of  the  fecond  kind. 

Bir  if  the  power  be  in  the  point  K,  die  Prop  m  L  and  the 
wetfat  depend  on  the  point  M,  as  yet  it  will  be  found  a  Leaver 
oftiie  firft  kind,  but  being  thus  difpofed,  the  force  of  the 

P'°Laftly  °  ftheFukiment  or  Prep  be  in  the  point  O,  the  Power 
in  R  the  weight  in  R,  it  will  be  found  a  Leaver  of  the  third 
kind  wherein  the  force  of  the  weight  is  increased,  and  the 
fb'-ce  of  the  Power  leffened ;  notwithftandmg,  this  difpofition 
is  not  unufeful  when  the  power  exceeds  the  weight  by  a  Ion- 
ger  interval  or  (pace. 
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Corollary.  I. 

If  the  Power  be  to  the  weight,  as  the  Semidiameter  of  the 
1  Cylinder  to  the  length  of  the  handle,  or  radius,  the  power  in 
fuch  difpofition  will  be  in  Equilibrio  with  the  weight :  And  I 
fuppofe  the  Power  to  be  applied  in  the  ext  ream  or  end  of  the 
radius,  and  to  force  the  handle  always  perpendicular 3  The  rea~ 
fon  is  jclear,  becaufe  (  by  the  firft  Principle  of  this )  his  then  in 
Equilibrio ,  when  the  Powder  is  to  the  weight,  as  the  motion 
of  the  weight  to  the  motion  of  the  Power  reciprocally.  But 
the  motion  of  the  weight  is  to  the  motion  of  the  Power,  as 
its  diftance  from  the  Axis,  to  the  diftance  of  the  power 
from  the  fame  Axis :  For  while  the  power  abfolves  one  cir¬ 
cle  about  the  Axis,  the  rope  alfo  is  once  turned  about  the  Cy¬ 
linder,  and  the  weight  abfolves  an  equal  motion  to  one  circum¬ 
volution,  or  one  circle  of  the  Cylinder ,  but  Circles  are  to  each  c- 
theras  are  their  Radius’s,  Therefore ‘if  the  Semidiameter  of  the 
Cylinder  be  to  the  length  of  the  handle,  as  the  power  to  the 
weight,  it  will  be  in  equilibrio ,  and  the  power  will  fuftain  the 
weight 3  which  was  to  be  demonftrated. 

But  that  the  force  of  this  Engin  may  be  the  better  concieved, 
take  the  Semidiameter  of  the  Cylinder ,  and  compare  it  with 
the  length  of  the  handle,  which  take  fromrhe  Axis  to  the  point 
in  which  the  power  is  applied  3  and  as  often  as  the  Semidia¬ 
meter  of  the  Cylinder  is  found  in  the  length  of  the  handle* 
fo  often  is  the  power  multiplied3  that  is,  let  there  be  a  man 
in  Equilibrio  with  100  pounds,  and  kc  the  Semidiameter  of  the 
Cylinder  be  1  o  times  found  in  the  handle  3  I  fay,  the  fame  man 
can  with  this  Engin  fuftain  1 000  pounds. 

Corollary.  II. 

But  if  there  be  a  greater  proportion  of  the  power  to  the 
weight,  than  of  the  Semidiameter  of  the  Cylinder  to  the  length 
of  the  handle,  the  Power  will  raife  the  weight  3  for  greater 
force  is  required  to  move  a  weight,  and  to  overcome  its  relift- 
ance,  than  to  make  it  even,  or  level. 
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In  like  manner  if  there  be  greater  proportion  of  the  length 
of  the  handle  to  the  Semidiameter  ot  the  Cylinder ,  than  of  the. 
weight  to  the  Power,  the  power  will  be  fuperior  to  the  weight; 
and  overcome  its  ref  fiance. 

Corollary.  III. , 

If  the  power  move  the  handle  by  a  line,  not  perpendicular  ; 
zo  the  fame  3  Its  true  diftance  from  the  Axes  or  Prop  will  be 
Idler  r4s  if  in  Fig.  48.  the  handle  be  BC,  and  the  power 
draws  by  the  oblique  line  C  E ;  the  true  diftance  of  the  power 
according  to  which  we  ought  to  meafure  its  increafe  or  aug¬ 
mentation  will  be  the  perpendicular  B  D(  as  is  fhewn  at  Proper, 
fixion  1 9.  of  a  Ballance  or  Leaver. ) 

Corollary.  IV. 

If  a  rope  be  fo  turned  about  a  Cylinder  that  it  makes  ther 
folding fpiral, or  that  one  Spiral  folds  on  another,  it  makes  the 
difficulty  of  drawing  greater,  or  increafes  the  force  of  the 
weight;  for  when  the  Semidiameter  of  the  Cylinder  is  increafed, 
it  makes  the  proportion  of  the  length  of  the  handle,  to  the 
Semidiameter  of  the  Cylinder  lefs-  (  by  the  10  th.  of  5  th.  Euclid.  ) 
or,  that  I  may  fpeak  more  plainly,  the  Semidiamefer  of  the 
Cylinder ,  is  not  fo  often  found  in  the  length  of  the  handle;  if  it 
happen  that,  the  Cylinder  be  not  long  enough  to  hold  all  the 
Spires,  hut  it  iliall  be  needful  to  put  one  Spire  upon  another, 
fince,  thole  Spires  fo  put  upon  ©ne  another,  neceffarily  in¬ 
creafes  the  Semidiameter  of  the  Cylinder ,  the  fame  weight  wilL- 
have  unequal  force,  and  will  fooner  move  the  Clock  or  Watch, 
whence  it  follows  that  the  firft  hours  are  unequal  and  /barter; 
%it  it  anyone  would"1  have  (for  example  J  the  third  hour 
ftprter  than  the  reft,  let  him  increafe  the  Cylinder  of  the  Tym- 
ftyne  under  die  Spire  which  anfwers  that  hour  and  he  will  have 
hj-s-fteftre... 


•Corollary,  • 
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Ftp.  4.9,  From  this  propoficion  you  may  underftand  where- 


towards  the  end,  therefore  they  have  greater  force  than  the* 
reft ;  In  the  beginning  they  ought  to  draw  by  the  Apex  of  the 
Cone,  that  is,  then  there  is  but  a  fmali  diftance  from  the  Axis, 
but  in  the  end  they  draw  by  rhe  bafe  of  the  Cone,  in  which 
part  there  is  a  greater  diftance  from-  the  fame  Axis ;  to  wit, 
that  greater  force  drawing  from  a  lefter  diftance,  or  in  a  fmalk 
er  motion,  may  be  equal  to  the  force  of  a  leffer  drawing  from 
a  greater  diftance  :  For  let  the  force  of  the  fpring  in  the  be¬ 
ginning  of  drawing,  to  wit,  when  his  mod  ftretched  be  equal 
to  one  pound  weight,  and  in  the  end.  equal  to  the  weight  of 
jounces,  or  ~  part  of  a  pound ;  the  Semidiameter  of  the 
Circle  of  the  Cone  in  which  the  String  or  Chain  is  knit,  in  the 
beginning  of  drawing  ought  to  be  ~  part  of  the  Semidiameter 
of  the  Cones  bafe,  according  to  which  the  drawing  is  made. 
in  the  end,  for  thus  the  force  in  each  cafe  will  be  equal  andv 
will  draw  uniformly, . 


Corollary.  VI 


Fig,  50.  Hence  may  eafily  be  (dived  a  queftion  oftentimes 
propofed  to  me,  to  wit,  whether  the  fame  weight  hanging  on 
a  long  cord  hath  more  force  than  if  it  hung  on  a  fliorc  cord  } 
or  whether  it  be  harder  to  draw  the  weight  A  than  the  weight 
B,  which  I  fuppofe  to  be  equal }  The  reafon  of  the  difficulty,, 
feems  to  be  becaufe  the  weight  A  is  farther  diftant  from  the 
Axis  of  the  Cylinder  than  the  weight  B,  and  therefore  feems  to 
require  more  force}  therefore  we  fay  not  any  diftance  from 
the  Axis  is  the  meafure  of  the  increafe  of  force,  but  that  only 
from  whence  follows  greater  motion q  therefore  whether  the 
weight  exift  in  A  or  in  B,  while  the  Cylinder  is  turned  round 
once,  the  weight  afeends  according  to  a  line  which  is  equal 


5  6  Mechanic^  Powers.  Book  III* 

to  the  Circumference  of  the  Cylinder*,  therefore  in  each  cafe 
the  weight  is  equally  ftioved,  therefore  equally  gravitates  3  not- 
wichftanding  I  exclude  the  weight  of  the  rope,  or  cord. 

But  if  thefe  weights  hang  not  freely,  but  the  lines  BD,  A  C 
fhould  be  of  rigid  matter  and  inflexible  •  Beer  life  while  the 
Cylinder  is  turned  about,  the  weight  A  deferibes  a  greater 
Circle  than  the  weight  B,  the  fame  weight  A  will  have  greater 
force  than  the  weight  B,  according  to  the  proportion  of 
diftances. 


PROP  OS.  II. 
A  Theorem. 


WHile  a  power  achth  by  the  force  of  its  own  gravity ,  the  in* 
creafie  of  the  Power  doth  not  always  ought  to  be  required  from 
the  difiance  of  the  Axis . 

Fig .  £i.  Although  we  have  toucht  upon  this  proportion 
already  :  Neverthelefs  we  will  fit  it  peculiarly  to  thisfEngin,  be- 
caufe  that  his  already  known,  and  in  common  ufe  with  ftone 
diggers  3  the  Machine  or  Engin  confifts  of  a  large  wheel  into 
which  men  enter,  and  in  which  they  walk,  alfo  a  Cylinder. 
about  which  the  rope  is  turned  about,  and  an  oblong  neck, 
in  whofe  extream  or  end  is  a  Pulley  to  diredt  the  weight  3  It 
may  be  queftioned,  whether  the  force  of  the  power  of  the 
movent  applied  in  the  extream  of  the  Wheel  be  increafed, 
according  to  the  proportion  of  the  Semidiameter  of  the  wheel 
to  the  Semidiameter  of  the  Cylinder  3  to  which  I  anfwer,  it  is 
not  fo,  for  when  a  man  walks  in  a  Wheel,  and  moves  by 
gravity,  to  wit,  by  a  line  tending  to  the  Centre  of  the  Earth, 
applied  in  divers  parts  of  the  wheel,  yea,  often  times  almoft 
under  the  Axis,  Its  true  diftance  is  not  to  be  taken  according 
to  the  Semidiameter,  as  if  the  man  were  walking- in  the  point 
A,  when  he  moves  by  the  line  A  B,  his  true  diftance  is  C  D3  as 
is  fhewnin  Propofition  19. 


PROPS . 
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PROVO  S.  III. . 


A  Thorem. 


Of  the  win  dl ace  placed  'Vertically ... 

-i,  A  Lthough  it  matters  not  much  how  a  TVindlace  is 
"  ?  J\.  placed  as  to  its  fite  or  pofition,  yet  a  Windlace 

whole  Axis  is  vertical  hath  this  peculiar  property,  that  it  may 
be  wrought  by  animals  only,  becaufe  that  (  properly  fpeaking) 
animals  only  have  their  motion  Horizontal,  although  alfo  fome 
mills  are  made  in  which  water  moves  the  TVindlace  vertically, 
yea.  and  the  wind  alfo, as  we  fliall  fiiew  ;  I  have  often  wondered 
that  thefe  kind  of  Wmilaces  are  no  ofttter  made  ufe  of  in 
buildings,  finceby  the  nelp  ofahorie  only,  greater  floie  of 
Stones,  or  Bricks,  or  Morter,  may  be  conveighed  to  the  upper-  - 
parts  of  the  building,  than  by  4  or  5  men  j  Wherefore  a  ver¬ 
tical  TVindlace  may  be  worked  with  a  Mill-hone,  and  about  the 
Cylinder  a  double  rope  may  be  turned  about,  in  a  contrary  man- 
ner,  f*o  that  in  the  mean  while  that  one  weight  rhes,  11  lends 
down  the  other  Inftrument.  The  force  of  this  Machine  will  be 
fery  great,  for  when  a  horfe  can  carry  more  than  300  weight, 
he  will  draw  much  more,  or  raife  by  drawing;  we  will  fup- 
pofe  500  weight,  and  his  force  increafbs  according  to  triv  i  to- 
portionof  A  C  to  A  B  ;  and  for  the  mofl  part  AC  contains 
10  lines  of  A  B,  from  whence  it  will  be,  that  one  hone  r  one 
may  raife  ^ooo  pound  weight ;  but  if  the  weights  ought  net 
to  be  f  j  great,  and  it  feem  better  to  raife  more  (mail  weights 
with  refpited  torce,  than  to  take  up  a  great  weight  together^ 
and  at  once,  left  the  ropes  be  broke,  then  you  may  incream 
the  Cylinder  A  B  to  any  thicknefs  that  you  pleafe,  roi  men  you 
will  kffen  the  force  of  the  power,  and  fooner  ta*ce  up  the 

weight. 

Neverthelefs  becaufe  in  this  Machine  or  Engln  there  feems 
this  incommodity,  that  the  weight  being  elevated,  the  Wind¬ 
lass  ought  to  be  turned  tire  contrary  way,  and  there  would 

be 
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he  feme  lofs  of  time,  to  turn  the  horfe  the  contrary  way  ; 
firft  his  certain  that  if  men  were  placed  to  this  Windlace^  that 
inconveniency  would  ceafe :  But  if  yet  you  would  ufe  a  horfe, 
make  a  compounded  Machine  or  Engin  of  two  Windlaces ,  hav¬ 
ing  two  Cylinders,  with  teeth*  or  toothed  Tympanes ,  which  ver¬ 
tical  Windlace  may  move  the  other  Horizontal,  fo  that  if  the 
cogs  or  teeth  of  the  Cylinder  be  put  to  the  other,  the  Cylinder 
.will  be  moved  on  one  part;  but  if  it  incur  in  the  other 
Cylinder ,  the  Cylinder  will  be  moved  with  a  contrary  moti¬ 
on  ^  and  his  eafy  fometimes  to  move  one,  and  fometimes 
the  other  Cylinder ,  with  a  moveable  Leaver  about  the  cardinal 
point. 

Fig .  $3.  This  vertical  Windlace  is  commonly  ufed  by  Tea¬ 
men,  chiefly  in  great  fhips,  fo  that  thereby  they  take  great 
weights  into  fhips,  and  draw  out  great  anchors  which  require 
great  force,  both  by  reafon  of  their  weight,  as  alfo  to  dig  them 
out  and  draw  them  from  the  earth,  wherein  they  flick  faff; 
where  in  one  thing  is  to  be  noted,  that  becaufe  the  Gabies 
or  great  Ropes  are  oftentimes  fo  thick,  that  if  they  are  rolled 
about  the  Cylinder ,  and  Spire  is  put  upon  Spire,  they  grow  to  a 
great  mole,  and  render  the  Engin  ufelefs,  therefore  they  turn 
only  3  Spires  or  4  at  mod:  about  the  Cylinder ,  fo  that  while  a 
Seaman  turns  one  end  of  the  rope  round  it,  the  other  is  rolled 
away ;  And  that  it  may  always  confift  in  the  middle,  nor  run 
through  the  whole  Cylinder ,  the  Cylinder  is  made  broader  ar 
the  ends  after  the  manner  of  a  Cone,  as  you  may  fee  in  the 
Figure,  for  fo  the  rope  is  kept  in  rhe  middle. 

Fig.  54.  There  are  reduced  to  the  vertical  Windlace  or  Axis 
in  Peritrachio  your  lefler  water  -mills,  in  which  the  water  dif- 
pofed  in  the  wheel  forces  it  fo,  that  the  Wheel  is  moved 
Horizontally,  and  its  Axes  vertically ;  We  ufe  this  Engin  when 
great  (tore  of  water  is  not  at  hand,  and  the  greater  the  wheel 
is,  the  greater  will  the  ftrength  of  the  water  be,  according  to 
the  proportion  of  the  diameter  of  the  Wheel  to  the  diameter 
of  the  Mill;  But  in  the  fame  proportion  decreafes  the  velocity 
of  motion  in  the  Mill,  for  each  turning  round  of  the  Wheel, 
anfwers  each  turning  of  the  Mill,  from  whence  it  happens  that 
great  care  imift  be  taken  that  the  Wheel  be  not  made  greater 
than  is  requifite,  for  if  it  be  there  follows  a  flownefs  in  the  mo- 
Eion  of  the  Mill,  and  the  Engin  is  rendred  lefs  ufefull;  likewife 

if 
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if  the  Wheel  be  made  lefs  thjin  the  refiftance  of  the  Mill 
requires,  ther,e  'will  be  no  morion. 

To  the  fame  Engine  are  recalled  other  wheels,  which  hoy/- 
foever  expofed  to  the  wind,  always  tqrn  round  j  for  to  what 
wind  foeyer  on  one  part,  the  Concavity  of  the  lirrle  hand 
turns,  the  convexity  of  ftie  other  i§  alfo  turned, as  if  the  wind 
blew  dire&ly  according  to  the  line  A  B,  the  wind  will  touch 
the  Concavity  of  the  little  hand  A  G  B,  and  the  Convexity  of 
the  little  hapd  B  A,  but  then  it  majces  greater  imprelfion  while 
it  incurs  in  theConcaviry,than  while  in  theConvexity  z  becaufe 
then  it  eaffly  flips  away,  ftiis  Wheel  is  turned  from  A  by  G  in 
B  :  And  the  imprelfion  of  the  wind  may  alfo  eafily  be  hmdred 
in  the  little  hands  A,  and  then  it  will  be  turned  more  vehe¬ 
mently,  to  wit,  if  there  be  placed  fome  obftacle. 

This  kind  ofWindlace  is  ufed,  as  often  as  we  ufe  Animals, 
but  chiefly  we  ufe  Mill-Horfes  when  we  worjc  Engins,  fuch  as 
Millsi  we  grind  all  manner  of  Corn  with,  or  Nuts,  or  Olives, 
or  for  the  Extraction  of  Oyl  ;  I  omit  feveral  other  E  ngins, 
which  part  of  them  are  recall'd  to  this  kind  of  windlace.’ 

1  -  '■  1  a.  ;  .*  '  i  .  1  >  v‘  ;  ’  ■  >  '  ?  .  ,  ,  • 


PROP  OR 
,A  Theorem. 


Of  $he  Aophle  Axis  in  Pentrocluoj  or  a  Wiser l . 

■q  .  ' '  '  •••  •';•  ■;  •  >';  '  ■  /"  ;  v 

t  ■*«  '  .  •'  •  '  J  -<•  •  •  i  ;  •  ./ 

%•  “T-HE  mioft  part  of  vulgar  Engins  are  not  fo  fim- 
1  pie,  t>ut  that  oft  times  they  contain  a  double 
_  ^  #  ■■  tne  kind  ,  i  fliall  not  inlilt  upon  the  Compo- 

iition,  which  -may  be  made ‘from  a  double  or  triple  ballancc  or 
leaver;  becaufe  -for  the  moll:  part  fuch  com pol tire  is  ufelels, 
whence  the  fiift  Compofition  which  may  be  made  for  ufe  is 
the  double  -wir.dlace,  and  fometimes  a  triple  one,  according 
as  the  thing  requires :  But  becaufe  as  we  have  laid,  the  Winch 
lace  is  recalled  to  a  leaver,  and  that  continually,  therefore  it 
will  not  be  unprofitable  briefly  to  note,  how  wonderfully  a 
power  is  augmented  by  ufing  a  double  Leaver ,  for  1«  h,/ 
leaver  be  A  8,  its  Prop  C,  alio  let  AC  be  to  C  B,  as  io  to  T 

a  "  y 
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Sure  it  is  the  Power  applied  in  the  point  A,  is  equivalent  ta 
i  o  Powers  equal  to  it  lelf,  applied  in  the  other  leaver  D  F,  fo 
that  EF  be  to  D  E  as  io  to  i  ;  the  Power,  placed  in  F  is  equi¬ 
valent  to  io  Powers  equal  to  it  fell',  in  refpcft  of  weight  con- 
ftituted  in  I) :  But  if  the  leaver  D  F  impells  the  leaver  A  B, 
the  Power  F  will  be  equivalent  to  ioo  powers  equal  to  it  lelf, 
in  order  to  a  weight  conftituted  or  placed, in.  the  point  11. 

And  the  reafon  is  clear,  the  point  F  hath  io  times  greater 
motion  than  the  point  D,  but  when  the  point  D  is  conjoined 
with  the  point  A,  they  make  the  fame  motion ;  but  the  point 
A  runs  through  i  o  times  a  greater,  fpace  than  the  point  B ; 
Therefore  ;by  the  rirft  principle  of  this)  in  fuch  difpolition  ot 
the  Engin,  the  power  conflituted  in  the  point' F  will  be  equi¬ 
valent  to  t  oo,  equal  to  it  felf,  in  refpeS  of  weight  placed  ins 
the  point  B. 

Fig.  $6.  Which  Do&rine  is  applicable  tO  Windlaces,.  jf  they 
are  fitted  in  the  fame  manner  j  as  if  the  handle  A  C  be  to 
times  greater  than  the  Semidiameter  of  the  Cylinder  B,  and 
the  Rope  annexed  to  the  Cylinder  b,  moves  the  Windlace  E, 
by  the  end  of  the  handle  D  F,  which  alfo  is  io  times  as  great 
as  the  Semidiameter  of  the  Cylinder  E:  I  fay  the  power  A  is 
ioo  times  encreafed  with  refpedt  to  the  weight  G,  which  is. 


Fig.  Notwirhftanding,  becaufe  in  this  difpolition  the 
Cylinder  E  abfolves  only  half  the  turning  about,  therefore- 
this  Engin  is  rendrcd  ufelefs  in  many  eftefts :  Therefore  if  you 
would  know  the  difpolition  in  which  the  leaver  D  E  may  al¬ 
ways  draw,  this  will  be,  if  the  Rope  be  made  fas  they  call  it) 
perpetually  turned  round  about  the  Cylinder  A,  encompalfing 
the' Wheel  B  C  of  the  Cylinder  D,  and  this  Engin  may  be 
molt  ufeful,  efpecially  when  the  two  Cylinders-  A  and  D  are 
diftant  from  each  other  a  great  fpace ;  neverthelefs  it  hath 
this  irionveniercy,  that  oft  times  it  happens  that  the  Cylinder. 
A  is  moved  alone  although  the  Rope  draw  not ,  and  therefore 
they  make  the  Cylinder  A,  rough  withhollowings,  and  alfo 
they  make  knots  or  balls  in  the  Rope  which  enter  into  the. 
hollo  wings,  and  flay  the  Cylinder,  that  it  cannot,  move  alone, 

■  as  in  the  Figure  E  -appears  plainly. 

Fhr  $3.  We  ufe  the  lame  Engin,  but  in  a  contrary,  manner 
when  the  power  overcomes,  the  reltftance  of  the  weight  by  a. 
v,  see  qut  a  'moil  iwift.  motion-,  is  demanded  y  as.  if  the. 

greater. 
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greater  Wheel  be  A  about  which  the  Rope  is  folded,  and  alfo 
about  the  leffer  Wheel  B,  whofe  Diameter  is  contained  i  crimes 
in  the  greater  Diameter :  *  Tis  certain  that  every  circumvolution 
of  the  greater  will  anfwer  io  Circulations  of  the  Idler  3  but 
in  this  difpofition  the  power  is  leffened  3  that  is,  if  the  power 
as  i  be  applied  at  the  handle  C,  you  may  determine  to  raife 
fome  weight  hung  to  the  Cylinder  D,  there  will  be  required 
a  power  io  times  greater  to  take  it  up,  if  it  be  hung  on  the 
Cylinder  EJ  Mowbeit  this  Engin  is  very  ufeful,  beoaufe  oft 
times  a  power  overcoming  a  refinance  fuftained  by  a  great  ex- 
cefs,  cannot  otherwife  conveniently  be  applied:  So  they  which 
fliarpen  Knives,  and  other  edge  Tools,  on  a  Grindftone,  have 
greater  force  than  to  overcome  that  refiftance,  whereby  the  Iron 
refills  the  motion  of  the  Stone  while  it  is  held  upon  it,  and 
requires  a  fwift  motion  only,  which  cannot  be  produced  from 
the  power  in  like  manner,  becaufe  "tis  impoflible  to  move  the 
Arm  fo  fwift :  In  this  cafe  an  Engin  mull  be  ufed,  which  en- 
creafesthe  motion,  although  it  Men  the  force  of  the  power: 
This  Engin  is  eafie,  and  much  ufed,  and  chiefly  of  Women 
which  Spin 3  alfo  when  they  draw  out  Silken  Threads,  or 
double  them 3  alfo  of  thofe  that  pollift  pretious  Stones,  of 
Turners,  and  of  many  others*  and  I  wonder  that  ’tis  not  ufed 
by  more* 

.  . .  -  i  ;  «  ■  '  ' 
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A  Theorem. 


:  j  t  -i 


Of  Wheels  with  Cogs. 


tJ  *  *3  :  v 


T/V.  59.  pp  Oothed  Wheels  are  recalled  to  Axis  in  Pm J 
*  A  trochio ,  and  are  ealily  underllood  by  a  perpe¬ 
tual  leaver  3  wonderful  is  the  increafe  of  power  in.-ufing  ftich 
an  Engin. 

For  fince  that  while  one  Wheel  is  10  times  turned 
about,  the  other  is  but  Only  once  turned  round,  it  caufes  each 
Wheel  to  increafe  in  a  decuple  proportionjand  therefore  as  Ilia  IF 

K  2  be 
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be  demonftrated  elfewhere,  a  number  confiding  of  $o  Areth- 
metical  Figures*  is  greater  than  the  number  of  Sands  which 
the  whole  Circuit  of  the  Firmament  can  contain 3  but  the 
number  of  each  Figure  added,  inereafes  in  a  decuple  propoti- 
on,  and  from  thence  the  power  follows.  .  lu 

The  Demonftration.  Let  there  be  a  power  in  A  which  can 
draw  to  it  felf  ioo  pounds,  and  let  C  D  be  io  times  the  Semi¬ 
diameter  E  F,  and  let  there  be  fo  man y  Teeth  in  the  Wheel 
G,  that  E  F  may  defcribe  io  orbs  in  the  fame  time  that  the 
Wheel  G  defcribes  one  3  Moreover  let  G  be  io  times  turned 
round  while  the  Wheel  L  abfolves  one  circumvolution,  and 
fo  on  j  I  fay,  the  Power,  as  ioo  placed  in  A,  is  able  to  elevate 
a  weight  of  i  ooooo  pounds. 

.  For  fince  the  power  in  A  runs  through  a  fpaee  io  times 
greater  than  the  little  Wheel  EF,,  and  the  little  Wheel  EF  io 
times  of  the  little  Wheel  M,  and  the  little  Wheel  M  10 
times  more  than  N,  and  this  again  i  o  times  more  than  the 
Cylinder  GH:  The  power  A  runs  through  iooooo  times  greater 
fpaee  than  the  weight  P  3  but  the  power  is  inereaft  according 
to  the  proportion  whereby  its  motion  exceeds  the  motion  of 
the  weight  (by  the  firft  principle  of  this,)  therefore  the  power 
A  in  refpedt  of  the  weight  P,  is  equivalent  to  i  ooooo  powers 
equal  to  it  felf :  but  A  is  fuppofed  to  be  able  to  draw  to  it  felf 
100  pound,  therefore  *tis  equivolent  to  10000  powers  which 
can  each  draw  100  3  but  10000  of  fueh  powers  can  draw 
1000000,3  Therefore  the  power  in  A,  by  the  help  of  this 
Engin  can  draw  1 000000  pounds,  which  was  to  be  demon- 
ft  rated.  ,  *  *  - 

But  on  the  contrary  the  weight  lofes  as  much  of  its  force  3 
whence  if  inftead  of  the  weight  P,  a  power  be  placed  which- 
can  elevate  iooooo  pounds,  and  the  weight  in  the  point  A 
can  only  elevate  a  weight  of  one  pound,  but  the  lofs  which 
the  power  A  fuffers,  is  in  time,  fir  it  ought,  to  make  1000 
Circumvolutions  in  the  feme  fpaee  of  time  that  the  Cylinder 
I,  abfolves  ; 

Alfo  this  Engih  is  in  verted, or  changed,  as  often  as  the  force  - 
abounds  in  the  power,  and  amoft  fwift  motion  is  required  iti> 
the  weight,  which  may.  eafiiy  be  underftood  by  the  forefaid. 
difcouife,  to  wit,  if*  the  handle  be  in  the  Axis  I,  ’tis  certain, 
that  the  Axis  D  E  makes  1 000  Circumvolutions  in  the  fame, 
lime  that  l  only.  makes  one 
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A  Theorem. 

To  recall  Toothed  Wheels  to  the  Leaver. 

Fig .  do.  npHE  whole  multiplication  of  a  power  by  help 
A  of  Wheels,  is  eafiy  to  recall  to  Leavers,  yea  he, 
char  dilligently  confiders  the  nature  of  Wheels,  may  eafily  con* 
fider  the  perpetual  leaver  in  them,  fot  each  Cog  of  the  Wheel 
is  a  Leaver,  which  are  fubftitured  to  themfelves  by  turns,  fo 
that  one  being  deficient  another  fncceeds  it. 

And  that  wc  may  confider  the  fame  in  the  Multiplication  of 
leavers,  let  there  be  3  leavers  A  B,  D  E,  I  H,  and  let  AC  be 
to  C  B  as  %  to  10  ;  in  like  manner  D  F  to  F  E,  and  E  I  to  ILL. 
1  fay  the  power  as  1  in  H  in  refpefit  of  the  weight  A,  is  e- 
equivalent  to  1000  powers  equal  to  it  felf. 

The  Demonstration.  H  is  10  times  more  moved  than  E  or  F, 
and  E  to  times  more  than  D  or  B,  and  B  10  times  more  than 
A ;  Therefore  the  motion  of  the  power  in  H  is  1000  times 
more  than  the  motion  of  the  weight  in  A :  but  if  there  flioulcl; 
be  only  one  leaver  KM  it  would  be  otherwife,  for  the  leaver. 
LM  would  be  only  30  times  the  part  K  L ,  and  fo  the 
power  in  M  would  be  equivalent  only  to  3.0  powers  equal, 
to  it  felfi 

To  this  kind  are  recalled  almoft  all  Engins  of  any  moment: 
which  we  commonly  ufe,  and  which  in  the  following  pro* 
pofitions  I  lhall  explicate,  the  Forces  whereof  if  any  one 
would  confider,  in  general  he  inuft  meafure  both  the  motion: 
of  the  weight,  and  of  the  power,  and  compare  them  between  : 
themfelves. 


Jfj.  i  - 1 V  / 
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A  Theorem. 

Of  Em  ines  moved  by  Water . 

-F/g.  i  *  .A  Mong  others  thofe  Engines  are  moft  ufeful, 
JL  jL  which  are  rather  moved  by  Inanimate  things 
than  by  Animals ;  becaufe  that  Inanimate  things  want  not 
nourifhment,  and  are  never  tired  or  wearied ;  but  Inanimate 
things  which  are  wont  to  Animate  Engines,  are  likewife  all 
thofe  things  which  caufe  Motion,  as  Water,  Wind,  Smoak,  any 
kind  of  Weights,  Springs,  &c.  In  this  Proportion  I  /hall  briefly 
handle  thofe  Engins  of  that  kind  which  are  moved  by  Water : 
And  I  find  that  Water  can  move  an  Engin  in  a  double  manner, 
either  by  an  acquired  force  which  can  equalize  a  percuffion, 
or  (imply  by  weight  or  gravity,  thus  fome  Wheels  are  made 
which  bear  Water  on  one  part  ;  in  which  ’tis  requifite  to  know 
the  precife  proportion  of  the  Axis  in  Veritmhio:  So  that  the 
weight  of  the  Water  may  have  the  exaft  proportion  of  the 
Power,  and  we  ought  to  meafure  its  force  by  the  diftance 
from  the  Axis,  which  In  fitch  cafe  the  forces  of  the 
handles  bears:  but  when  running  Water  moves  an  En¬ 
gine  or  Machine  not  by  force  of  weight,  but  by  acquired 
force,  that  is  done  either  becaufe  Water  is  conveyed  by  a  plane 
much  inclined,  or  running  into  wings,  or  little  hands,  but 
which  method  is  beft  we  will  examine  when  we  come  to  treat 
of  Hydraulic  Engines, 

j  Fig .  6i.  But  "  tis  certain  that  greater  Wheels  have  moil  force, 
for  when,  in  Windlaces  the  power  is  moved  by  a  longer  handle 
its  force  is  increafed,  but  likewife  a  requifite  time  is  increat, 
whence  I  often  find  in  common  Mills  unneccffary  Expences  laid 
out,  to  wit,  they  make  the  greater  Wheels  winged,  in  which 
the  Water  dafhes,alfo  becaufe  a  flower  motion  fhould  follow  in 
the  Mill,  they  add  a  greater  toothed  Wheel  which  runs  into  a 
leflcr ;  fb  that  while  the  greater  makes  one  revolution,  the  Mill 

makes 
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makes  8  Circumvolutions  3  It  is  fufficient  that  the  firft  wheel 
AB  equipt  with  little  hands,  be  made  lefs  by  one  halt  , 
alio  the  wheel  C  D  to  be  4  of  that ,  fo  that  EF  (ball  make 
only  4  Circumvolutions  in  each  rotation  of  the  greater  wheel 
A  B  •  for  the  Water  hath  the  fame  force  in  refpeet  ot  the  Mill 
c  f  ’in  moving  by  only  4  turnings  about,  and  the  Water  will 
twice  as  Toon  turn  the  wheel  A  B,  being  leffer  by  half  j  and  it 
we  weigh  or  confider  all  thefe  things  exaftly,  and  according 
to  Mathematical  Rules,  the  fame  thing  would  happen  it 
the  wheel  A  B  fhould  be  eight  times  leffer,  likewife  C  D  fhould 
be  8  times  leffer  3  fo  that  each  Circumvolution  of  the  Toothed, 
qj*  Cot*”  wheel,  fhould.  anlwer  each  Circumv  olution  of  the 

Mill  E  F.  •  '  *  ... ,  r  ... 

Which  things,  as  I  have  faid,  are  true,  precilely  ^  tpcakmg, 

not  with  (landing  we  muff  confider  one  thing,  viz...  That  greater, 
wheels  becaufe  they  depart  lefs  from  a  right  litid?  thetefore 
their,  little  hands  are  longer  forced  by  the  Water  3  but  in  Idler 
wheels  each  little  hand  rs  fooner  deviated,  whence  in.  all.thele 

fome  mediocrity  ought  to  be  obferved. 

F/>.  6z.  Not  only  Mills  for  grinding  of  Corn,  but  alio 
moft  other  Engines,  yea,  almoff  all  which  are  made  in  Water- 
are  reduced  to  this  kind  3  Firft,  all  Mills  for  Corn,  which  are 
made  on  the  banks  of  Rivers,  or  thofe.  that,  ate  made  m  litt  e 
Ships, and  in  the  middl#  of  Rivers,  or  other  Engins.  which  are 
for  grinding  of  N  uts,or  of  Bones  to  powdei ,  efy-  Alio  Engines 
to  make  Paper,  in  which  a  wooden  Cylinder  of  fufficient  mag¬ 
nitude  Handing  out,  furniflw  with  little  troughs,  takes  up . 
wooden  MaEots ,  which  bruife  and  break  whatfoeyer  is  laid 
under  them  to  powder  3  your  Gun-powder  Mills  in  like  manner 
confifting  in  a  Cylinder,  equjpt  with  like  troughs,  which  take 
up  Peftles  of  Mortars3  for  in  all  thefe  we  mull  confider  Axis, 
in  Teritrccbio,  as  well  in  the  wheel  which  the  Water  forceth , 
or  driveth,  as  in  the  Cylinder  and  its  tioughs,  taking  up  Mair 

lots,  or  Peftles:. 

Fir,  64.  Likewife  Mills  for  Iron,  in  which  alio  a  Cylinder 
equipt  with  little  hands,  takes  up  and  lets  down  an  Iron  Mai- 
let  of  a  fufficient  greatnefs. 

Fir.  6c.  And  thefe  are  of  divers  kinds,  according  as  they 
are  diverfly  required  to  be  made,  lor  fome.  are  greater, and i 
fome  are  leffer,  fome  pound  oftner  than  otheis, . 


Fig.  .66. 
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Fig.  66.  Saws  alfo  which  are  drawn  up  and  thruft  down 
by  the  handle ;  alfo  there  is  another  part  of  the  Saw  which 
belongs  to  another  kind,  viz,,  to  the  Screw.  Alfo  Engines  in 
which  Bellows  are  wrought,  or  blowed,  which  belong  to  the 
fame  manner,  as  to  motion  upwards  and  downwards,  but  if 
four  pair  of  Bellowrs  are  to  be  biowed  together,  the  Axis  ought 
to  be  made  turning,  or  bowing,  four  oppofite  ways,  that  they 
may  be  moved  in  any  order,  and  in  each  Quadrant. 
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PROP  OS.  VIII. 

.  A  Theorem. 

Of  Engines  that  worh^  by  the  gravity  of  Weights. 

ALfo  Engines  are  moved  by  Weights,and  the  force  of  their 
Gravity,  as  are  our  Clocks,  not  with  (hading  I  (hall  fay 
in  .general,  that  all  thole  Engines  are  not  fit  to  augment  the 
force  of  Powers,  but  to  fliorten  time,  to  wit,  that  that  may 
be  done  in  a  fhort  time,  whiqh  was  wont  to  be  done  in  a 
•whole  day ,  drat  is,  iet  an  index  of  hours  be  moved  in  a  whole 
day,  that  it  may  fhew  the  hours  properly,  if  a  man  fhould 
undertake  that  Without  an  Engine,  he  would  fpend  the  whole 
day  3  n  weight  being  fubfticuted  by  a  man  in  one  minute,  in 
drawing  or  winding  up  the  weight,  ufes  as  much  force  as  is 
necdlary  to  move  the  Hand  or  Needle  the  whole  day. 

The  lirmel  fay,  of  Engines  for  the  turning  of  Spies  'in  con¬ 
venient  places,  which  have  nothing  peculiar  but  their  motion 
of  flaying, or  flopping,  which  we  fhall  treat  of  hereafter  5  and 
thefe  Engins  are  made  after  four  manners,  viz.  with  Weights, 
with  Springs'jby  “Srnoak,  and  by  fame  living 'Greature  walking 
in  a  Wheel  3  of  Weights  and  Springs  I  fliill  fay  nothing,  for 
his  moll  certain  I  have  found  nothing  in  them  more  than  too- 
died  Wheels,  and  Axes  in  Yeritrcchioy  and  the  Animals  which 
are  commonly  made  ufe  of  for ‘the  turning  of  Spits,  are  Dogs, 
but  Geefe  are  better,  for  they  will  bear  their  Labour  longer, 
that  if  there  be  need  they  will  continue  their  Labour  12 
rBtrife Prop- 
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PROP  OS.  IX. 


A  Theorem. 

Engines  mtpped  by  Smoak. 

♦  / 

%*  67. Ngines  which  arc  turn’d  by  Smoak,  fhc w  plainly 
how  much  force  is  increafed  by  Axis  in  Veritro ~ 
4/0,  for  what  force  can  there  be  iefs  to  impel  and  move  a 
Weight  than  Smoak,  neverthelefs  while  this  runs  into  the  win¬ 
ged  Wheel  A  B,  all  whole  wings  arc  bent  in  the  fame  pan, 
if  the  wheels  are  fo  fitted,  that  while  C  D  makes  four  or  five 
Circumvolutions,  the  wheel  E  makes  one  $  and  in  like  manner 
while  the  wheel  E,  or  that  annext  to  it  F,  is  turned  four  or  five 
times, the  right  line  G  is  only  once  turned ;  A  B  makes  25  circu- 
lationsjn  the  fame  time  that  Grt/i&.the  Spit  makes  one, I  fay, from 
this  multiplication  of  motion  in  the  power,  to  wit,  in  the 
Smoak,  or  in  the  wheel,  into  which  the  Smoak  enters,  the  ini- 
pulfive  force  of  the  Smoak  is  increafed  times,  with  refpedt 
to  the  refiftance  of  the  Spit  placed  in  the  point  G,  and  1  do 

not  fee  any  thing  more  in  this  Engine  worth  our  taking  no¬ 
tice  of 

^ it  - 1  ii  11  . .  1 1, >n  1.1.  -  - 

' - - - - ,z _  _  1  . . .  M. 

PR  OP  OS.  X. 

A  Theorem. 

Of  Engines  wording  by  the  Wind . 

Fig,  reafon  is  the  fame  of  Mills  turned  by  the 

JL  Wind,  in  which  alfo  the  fails  are  bent  in  the 
fame  part,  for  they  are  not  diredtly  oppofite  to  the  wind,  but 
every  one  in  one  and  the  fame  part  are  fonitwhat  oblique, 

f  aim  oft 
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almoft  in  the  fame  manner  that  Boys  make  paper  Wheels  on. 
a  Reed;  fo  that  while  they  run  and  hold  it  in  the  Air,  'tis  ea- 
lily  turn’d,  and  becaufe  the  force  of  the  Wind  and  the  vio¬ 
lence  is  very  ftrong,  the  Mill  makes  more  turnings  about  than, 
the  winged  wheel  in  a  contrary  manner,  as  in  the  precedent 
Engine.  And  the  fame  queftion  may  be  made  of  this  kind  of 
Wind-mill,  which  is  made  of  common  ones,  to  wit,  whether 
they  may  not  be  more  compendioufly  compofed  than  com¬ 
monly  they  are  made  ;  for  fince  by  the  multiplication  of  the 
Wheels  the  motion  of  the  Mill  is  increaft,  whether  or  no  it 
would  be  better  to  make  Idler  wings,  whence  it  will  come  to 
pafs  that  the  firft  Wheel  will  compleat  its  revolution  fooner, 
and  therefore  there  will  not  need  fo  much  multiplication  of 
the  Wheels,  that  the  firft  Mill  Ihould  obtain  the  fame  motion  ; 
’tis  alfo  worth  our  confideration  that  the  wind  is  not  applied 
in  one  place  only,  but  almoft  in  the  whole  wing  or  fail,  and 
therefore  the  greater  the  fail  or  wing  is,  the  wind  will  not 
only  have  the  greater  force,  becaufe  that  it  makes  greater  mo¬ 
tion  in  the  extream  with  refpedt  to  the  motion  of  the  mill, 
but  alfo  more  plenty  of  wind  is  adhibited,  whence  I  think 
’tis  better  to  ufe  longer  wings  or  fails  than  fhorter. 


The  Art  of  Mills  depends  on  Axis  in  Peritrochk). 

TO  reckon  up  ali  the  Arts  which  depend  on  Axis  in  Peri- 
trochlo  would  be  a  thing  not  unpleafant,  but  almoft  an 
endlefs  piece  of  work,  and  would  be  rather  like  a  Hiftory  than 
a  Theorey,  in  which  I  chiefly  write  of  the  principal  caufes  of 
Eneir.es,  Ihewine  by  what  ingenuity  every  one  may  delign  or 
contrive  Engins  after  his  own  manner  meet  for  the  purpofe. 
And  I  Ihall  infill  a  little  on  the  making  of  Mills,  that  we  may 
know  how  great  profit  we  receive  to  the  commodity  of  life 
from  Axis  in  Vcritrcchio ;  and  although  thofe  that  are  chiefly 
ordained, are  Mills  for  grinding  of  Wheat, and  other  Seeds,  that 
bread  may  be  made  of  llower,  yet  fome  part  of  them  are 
ddtgned  to  other  ufes ;  for  as  much  as  the  outer  Wheel  is 
common  to  all,  which  by  water  running  into  it,  turns  it  and 
the  Axis  about.  For  if  Wool,  or  Hemp,  or  Flax,  be  to  be 
pounded,  or  any  body  ground  to  Powder,  if  old  Rags  are  to 
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be  beat  to  pieces  to  make  Paper,  little  pegs  or  pins  are  fixr  ro 
the  Axis,  which  in  turning  about  meet  with  the  pins  of  Fi¬ 
fties,  and  raife  them,  and  deprefs  them,  and  their  weight  fall¬ 
ing  on  the  matter  laid  underneath,  either  barters  or  breaks  it 
to  pieces,  or  beats  it  to  powder  in  Morrars. 

In  the  fame  manner  PefUes  may  be  difpofed  to  match  with 
their  hollow  Cylinders,  which  being  elevated  by  the  little  pins 
of  the  Axis,  attraft  the  water  into  the  hollow  Cylinders,  or 
rafting  in  naturally  they  admit  it  through  the  Ceils,  then 
falling  down  by  their  gravity,  they  prefs  the  Water  through 
the  Tub,  and  force  it  to  afcend  to  an  higher  place.  Or  °if 
you  like  not  Peftles  fo  grearand  heavy,  and  would  force  Wa¬ 
ter  to  a  higher  place,  difpoie  a  pair  of  Pefiles  by  a  Rope,  or 
Chain,  put  through  the  hollow  of  the  upper  Wheel,  and  paf- 
*  fing  over  the  Periphery  joins  them,  or  rather  overthwarr, 
like  weights  joined  to  a  Beam,  fo  that  while  one  is  deprell  the 
other  israifed.  And  the  pin  of  the  Axis  depreffes  the  Peftle, 
by  whofe  force  the  water  afcending  in  the  Tub  is  preft,  and 
the  other  Peftle  being  lifted  up  draws  the  Water  placed  beneath, 
which  in  like  manner  is  preft  down  after  that  by  the  pin  of  the 
Axisanfwering  its  pinion 3  from  hence  it  comes  to  pafs  that  a 
longer  Axis  may  be  added  to  the  Wheel,  and  more  pairs  of 
this  kind  of  Peftles  in  like  manner  may  be  difpofed,  and  the 
pins  in  the  Periphery  of  the  Axisfo  diftribufed,  that  not  only 
more  Peftles  may  prefs  or  force  down  together,  but  every  one 
after  another,  if  the  power  turning  the  wheel  be  not  altogether 
fo  ftrong,  if  not,  and  it  fhould  be  ftronger,  you  may  deprefs 
more  together,  and  raife  thofe  that  aniwer  them  •  unlels  by 
chance  it  pleafe  more, to  make  ufe  of  two  pair  of  Peftles  in  the 
fame  manner,  with  fo  many  pins  placed  in  the  Axis,  that  in  one 
going  round  of  the  fame  Axis,  the  fame  Peftle  may  be  de;  ref 
twice  or  thrice. 

Moreover  to  this  place  appertains,  what  we  fee  in  many 
places  in  the  Work-houfes  of  Hammer-Smiths  of  Copper  r  I- 
ron,  where  alfo  the  outer  wheel  being  turn’d  abouc/ai  d  the 
force  of  water  failing,  the  inner  wheel  in  the  roo  n  turns  as 
if  it  were  turn’d  by  the  hand,  which  radius  of  the  uprer 
Axis  is  fixe  parallel  to  the  Horizon,  and  a  rule  ioined  to  it  tl  a 
may  be  folded  in  the  Joints,  while  it  lifts  up  and  depress  fiat 
which  is  overthwart  j  on  the  other  end  of  the  fame  Axis,  ta¬ 
king  up  in  like  manner  from  hence, and  deprellingfrom  hence 
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it  procures  an  altern  or  changable  motion  to  the  Bellows ;  and 
the  other  wheel  receiving  a  Stronger  force  of  Water  falling 
down,  and  turning  its  Axis  about,  the  pins  fixt  at  the  other 
end  of  the  Axis  deprefles  the  little  rafter  or  leaver,  whofe  op¬ 
posite  end  being  raifed,  is  joyned  to  a  great  Iron  Hammer* 
which  befides  the  fall  of  the  Axis  with  pins  of  it  fdf,  light¬ 
ing  or  falling  upon  the  fubjefled  copper  or  Iron  being  burnt  in 
the  fire,  beats  or  hammers  it. 

In  all  thefe  the  Semidiameter  of  the  Wheel  is  to  be  consider'd. 
In  whofe  little  branches  {landing  out  the  water  running  into, 
retains  the  force  of  the  moving  power  3  but  the  Semidiameter 
of  the  Axis  is  not  to  be  confider’d  alone,  but  alfo  the  length 
of  the  pins  that  flick  out  to  be  added,  fo  that  from  both  is  made 
one  only  Semidiameter  of  motion  which  is  communicated  to  the 
peftle,  or  to  the  depreft  end  of  the  Hammer  or  Sledge.  I.  fey,  to 
the  deprefied  end  of  the  Hammer,  for  the  elevation  of  the 
Hammer  is  fomewhat  greater  than  its  depreffion  that  a  Stronger 
blow  may  follow ;  for  neither  the  little  rafter  or  leaver  is  alto¬ 
gether  equally  divided  from  its  Axis  on  which  it  fays  upon*. 
Dut  the  Hammer  is  a  little  farther  from  it, than  the  oppofiteend 
which  is  deprefied,  and  therefore  the  deprefling  force  is  greater 
than  if  the  leaver  were  distinguished.  into  equal  parts.  Like- 
wife  in  the  motion  of  Bellows 5  firft,  the  Semidiamer  of  the 
wheel  is  to  be  compared  with  the  adjoining  handle,  moreover 
the  radius  fixt  to  the  fuperior  Axis,  mult  be  compared  with 
half  the  piece  that  goes  a  crofs  to  which  the  Bellows  are  ipined, 
and  from  thefe  two  proportions  is  compounded  a  proportion 
of  motion,or  movement  of  the  power,  to  the  motion  or  move¬ 
ment  of  the  weight  moved, 

But  yet  In  Mills  whofe  grinding  fi one  for  Corn  is  turned 
round  parallel  to  an  Horizontal  plane, yea, and  that  very  fwiftly, 
that  the  grain  may  be  diffolved  into  flower,  ?tis  not  enough 
that  the  outer  wheef  receives  force  from  the  Water  turning  the 
Axis  fixt  to  it,  but  alfo  the  lower  toothed  Wheel  is  required  to 
be  in  the  fame  Axis  ;  and  that  the  members, or  parts, of  the  En- 
gin  be  not  multiplied  in  vain,  they  commonly  fo  difpofe  the 
Mill-ftones,  that  the  Iron  Axis  that  fuftains  the  upper  Mill- 
Hone,  being  furniSht  with  a  place  to  turn,  or  run  in,  obtains , 
the  lower  place,  and  therefore  the  runner  as  near  as  may  be 
touches  lightly,  the  upper  part  of  the  neither  toothed  Wheel 
with  its  plane,  having  the  fame  Axis  with  the  outer  Wheel. 

Bur 
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Bur  if  the  Mill- ftones  cannot  be  placed  in  a  plane  beneath,  or 
above  that  which  turns  the  lower  toothed  Wheel,  but  only 
a  little  beneath,  or  above,  the  Axis  of  the  fame  Wheel  •  be- 
caufe  the  chamfred  turning  joint  joining  very  near  to  the 
Mill-Hone,  and  fo  turning  the  Stone,  is  diftant  from  the  too¬ 
thed  Wheel,  and  this  doth  not  fo  convenienly  admit  of  fuch 
long  Teeth  which  the  fame  turning  joints,  or  the  little  rods  of 
the  runner,  are  able  t©  mix  with  fitly ;  therefore  there  is  re¬ 
quired  another  Axis  perpendicular  to  the  Horizon  with  a  run¬ 
ner, and  a  fixt  Wheel,  which  fhall  turn  about  the  lower  Wheel 
of  this  Runner,  forcing  its  little  Rods  with  its  Teeth  •  for  the 
toothed  Wheel  parallel  to  the  Horizon,  being  fixt  to  the  fame 
perpendicular  Axis,  is  turn’d  about  together,  and  being  joined 
with  the  runner  of  the  Mill-ftone  turns  it  round. 

Here  alfo  are  many  proportions  compounded,  the  firft  is 
the  proportion  of  the  Diameter  of  the  outer  Wheel,  to  the  Di¬ 
ameter  of  the  inner  Wheel  in  the  fame  Axis ;  moreover  the 
proportion  of  the  Diameter  of  the  Runner  of  the  Mill-ftone  ad¬ 
hering  to  the  Mill-ftone  turning  round  the  Diameter  (  whe¬ 
ther  the  whole  Diameter  be  allowed,  or  only  that  part  which 
is  the  Diameter  of  the  Circle  in  the  rotation  of  the  Mill-ftone 
defer i bed  from  the  point  between  the  Centre  and  the  middled7 
the  Periphery  )  and  if,  as  in  the  fecond  cafe,  the  perpendicu¬ 
lar  Axis  muft  be  placed  between  j  befides  in  the  Compofition, 
comes  the  proprotion  of  the  Diameter  of  the  runner  to  the 
Diameter  of  the  toothed  Wheel,  perpendicular  in  the  fame 
Axis ;  from  whence  it  appears  to  be  better,  that  the  Diameter 
of  the  inner  Wheel  be  lefs  than  the  Diameter  of  the  outer 
Wheel,  that  the  force  of  the  Water  forcing  this  may  be  more 
ftrongj  but  alfo  we  muft  take  heed  that  we  do  not  make  it  too 
little,  fo  that  its  number  of  teeth  fcarce  exceed  the  number  of 
little  Rods  of  the  runner  adhering  to  the  Mill,  for  this  will, 
caufe  it  to  move  too  (lowly;  and  if  the  perpendicular  Axis  be  in 
the  middle,,  fuppofing  this  equality  of  Teeth,  and  of  the  little 
Rods  of  the  runner,  one  turning  round  of  the  outer  Wheel" 
will  only  once  turn  round  the  toothed  Wheel  parallel  to  the 
Horizon,,  and  therefore  in  the  fame  time  the  Mill  will  be  on¬ 
ly  fo  many  times  turn’d  about,  as  the  number  of  little  rods  of  ' 
its  runner  is  contained  in  the  number  of  Teeth  of  the  toothed 
Wheel  fixt  in  the  perpendicular  Axis. 
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Bur  as  you  increafe  the  number  of  times  of  the  Mill’s  turn¬ 
ing  round, take  heed  that  the  difficulty  of  moving  in  like  manner 
be  not  increaft  more  than  needs  muft  ;  to  wit,  if  the  Diameter 
of  the  runner  in  the  perpendicular  Axis  be  exceifively  lefs  than 
the  Diameter  of  the  Toothed  wheel  in  the  fame  Axis  3  if  fo  be, 
a  power  applied  in  the  runner  will  be  moved  much  flower 
than  a  weight  applied  at  the  end  of  the  wheel  with  Teeth, 
and  therefore  the  difficulty  of  moving  increafed  :  Wherefore 
all  things  muft  be  wifely  adminiftred,  that  neither  the  force  of 
the  moving  power  be  tired  in  vain,  nor  the  Mill  be  moved 
flower  or  fwifter  than  need  is. 

But  if  it  pleafe  not,  or  the  difpofition  of  the  place  permit 
not  the  middle  Axis  to  ftand  perpendicular,  but  it  happens 
more  conveniently  to  be  parallel  to  the  Horizon,  then  the  Teeth 
of  the  inner  wheel  having  the  fame  Axis  with  the  outerwheel 
muft  not  be  fixt  in  the  plane,  but  require  to  be  faftned  in  the 
extream  Periphery,  that  they  may  turn  the  runner  of  the  fu- 
perior  Axis,  ( whether  greater  or  lefter,  according  as  is  needful) 
and  with  it  the  wheel  that  is  Toothed,  not  in  the  Periphery, 
but  in  the  Plane,  from  which  the  runner  of  the  Mill  is 
turned. 

Neither  other  wife  than  before,  is  the  proportion  of  force 
compounded,  to  wit,  of  the  proportions  of  Tyinpanes  or 
Water-mill  wheels,  or  Crane  wheels,  which  have  a  common 
Axis,  as  appears  from  what  hath  been  faid. 

Hence  we  obferve,  becaufe  the  moving  powrer  is  Water, 
that  the  form  of  a  wheel  receiving  Water  is  not  to  be  always 
the  fame  $  for  thofe  wheels  which  are  placed  in  a  running 
Water  would  be  inconvenient  if  they  have  a  very  large  Diame¬ 
ter  ;  or  if  but  a  little  Water  falling, the  Impetus  or  force  w  ill  be 
repelled,  if  the  little  hands  be  prepared  to  fmall.  Therefore 
wheels  of  this  kind  ffiould  have  indifferent  Diameters,  but  the 
little  hands  poffiefs  a  very  conftderable  part  of  the  Axis,  being 
dlfplaid  very  nigh  the  length  of  the  Axis,  that  fo  by  much 
Water  running  into  them  they  turn  round  with  a  ftronger 
force  ;  fo  in  the  River  Poe  in  Italy,  commonly  the  length  of 
this  wheel  is  1 3  Feet,  the  whole  Diameter  9  Feet  3  the  Dia¬ 
meter  of  the  neither  Stone  is  8  Feet  3  Inches,  having  108 
Teeth  fixed  in  the  plane,  and  the  runner  of  the  Mill  is  di- 
ftinguiffied  into  9  Spindles  ;  and  the  Stone  of  the  Mill  in  thick- 
nefs  6  or  7  Inches,  and  its  Diameter  3  Feet  9  Inches:  But 

becaufe 
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becaufe  the  motion  of  Water  falling  from  an  high  is  greater 
than  of  a  running  Water,  therefore  the  Diameters  of  the 
wheels  ought  to  be  larger  if  there  be  need,  and  it  fuffices  if  the 
breadth  of  the  little  hands  be  very  indifferent,  as  being  in¬ 
cluded  in  a  Channel  or  Pipe,  by  which  the  Water  falling  de¬ 
cays,  or  is  loft  :  That  is  to  fay,  a  little  Water  falling  from  a 
Plane  more  elevated,  hath  greater  force  than  from  a  Plane  a  1- 
moft  Horizontal ;  and  befides  a  wheel  of  a  larger  Diameter  is 
eafier  turned  although  from  lefs  water,  for  it  hath  greater 
proportion  to  the  inner  wheel  from  the  other  pairs.  More¬ 
over  the  little  hands  commonly  are  plain,  or  but  little  bent, 
fo  that  the  water  may  run  abroad  here  and  there  3  never.the- 
lefs  fometimes  they  are  concluded  on  each  part  with  a  ledge, 
or  welt,  as  it  were  a  little  Veflel  containing  water  for  fometime, 
fo  that  the  weight  of  the  included  water  helps  the  turning,  by 
preffing  downwards  ;  Moreover  in  an  inclined  channel,  the 
force  of  the  water  is  greater  in  the  lower  pair  than  in  the 
upper  near  the  beginning  of  the  fall  5  to  wit,  becaufe  water 
naturally  defeending  hath  an  accelerated  motion,  and  acquires 
an  impetus  from  the  defeent  of  the  antecedent. 

Hitherto  we  have  considered  of  Mills  which  are  drove  by 
the  force  of  water,  adding  nothing  concerning  thofe  which 
are  turned  by  Men, or  by  living  Creatures,  for  thefe  have  no¬ 
thing  peculiar,  befides  that  the  Axis  of  the  firft  wheel  which 
procures  the  motion  of  the  reft  of  the  confequent  partsy  is 
perpendicular  to  the  Horizon,  becaufe  a  power  moves  eafier  in 

Horizontal  plane,  than  in  a  vertical  wheel,  or  Tympane, 
which  is  trod  or  trampled  on  j  and  inftead  of  the  outer  wheel 
driven  by  rhe  water,  a  Bar  is  fixt  to  the  Axis,  which  they  ei¬ 
ther  draw  by  Cattle,  or  work  with  Men. 

Notwithftanding  we  will  fay  fomewhat  of  Mills  which 
are  wrought  by  the  Wind,  whether  they  be  for  grinding  of 
Corn,  or  bruifing  of  Fruit,  or  whether  they  be  for  working 
of  Pumps,  whereby  waters  are  drawn  from  low  grounds  that 
are  overflowed  :  For  that  which  belongs  to  the  inner  artifice 
of  wheels  and  runners,  are  like  thofe  which  are  found  in  our 
Mills  moved  by  the  force  of  water,  unlefs  that  in  thofe,  that 
being  remote  from  a  level  plane  ( if  fo  be  a  fit  place  be  grant¬ 
ed,  and  the  wind  caught  by  a  large  van)  they  afeend  by  a 
pair  of  Stairs,  and  the  Corn,  or  Fruit,  is  carried  into  the  upper 
place  which  they  intend  to  grind,  bruife  or  break,  and  the 
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Flower  is  transferred  from  thence :  which  labour  the  Milter 
may  be  eafed  of,  if  by  the  fame  labour  whereby  the  wind 
turns  the  prime  Axis  with  its  wheels  ;  Sacks  Ml  of  Wheat, or 
Flower,  may  be  taken  up, or  let  down,  with  a  Rope  drawn  a- 
bout  the  Axis,  being  lapt  up,  or  unfolded :  That  which  is 
chiefly  to  beconfidered  in  this  kind  of  Mills, is  that  which  per¬ 
tains  to  the  Vans, or  Sails,  which  receive  the  wind,  for  even  as 
the  plane  of  the  wheel  is  not  dire&ed  according  to  the  running 
of  the  water,  fo  neither  have  the  Sails  fuch  a  difpofure  that 
they  follow  the  leading  of  the  wind  :  But  the  upper  part  of 
the  little  Houfe  wherein  the  Axis  with  the  Toothed  wheel  is 
contained,  is  turned  about  until  the  Vans,  or  Sails,  are  fet  a- 
gainft  the  blowing  of  the  wind.  / 

And  the  Vans  or  Sails  are  as  it  were  4  Ladders  conjoined  at 
right  Angles  in  the  end  of  the  prime  Axis,  each  whereof  is 
covered  over  with  Linen  Cloath  to  refill  the  wind,  which  if  it 
be  pretty  flrong,  the  folded  part  of  the  Cloath  will  admit  of 
fome  paffage  to  the  wind';  notwithftanding  thefe  Vans  or 
Sails,  are  not  fo  equally  placed,  as  to  be  in  one  and  the  fame 
vertical  plane,  but  the  plane  of  each  Sail  is  placed  oblique  to 
the  other  fide,  withdrawing  itfelf  by  little  and  little  from  the 
wind  ;  whence  it  makes  the  wind  running  between  the  inter¬ 
vals  of  the  four  Sails  to  repel  on  the  fides,  and  as  it  were  to 
finite  the  Sails  by  an  Elbow,  and  fo  the  Axis  is  turned  accord¬ 
ing  to  the  Inclination  of  the  Sails ;  for  if  there  were  no  obliquity 
of  the  Sails,  and  all  as  it  were  made  one  plane  in  which  the 
Axis  would  be  perpendicular,  it  would  be  uncertain  in  wTich 
part  the  turning  would  be  ;  that  which  belongs  to  the  breadth 
or  length  of  thefe  kind  of  Sails  obliquely  placed,  his  not  doubt¬ 
ed  but  that  the  breadth  of  them  helps  the  motion  very  much, 
becaufe  being  placed  in  the  fame  obliquity ,  a  greater  part  of 
the  Air  runs  into  a  larger  than  a  narrower  Cloth ;  and  in  a 
very  ftrong  Wind,  ieaft  the  velocityof  the  Engin  be  over  much, 
we  find  fometimes  that  covering  half  the  Sails  with  Cloth 
will  do  5  but  whether  or  no  his  worth  while  to  -encreafe  the 
length  of  them,  is  uncertain :  For  although  a  power  more  di- 
flant  from  the  centre  of  motion  hath  more  force,  notwithfiand- 
ing,  becaufe  the  ends  of  long  Sails  are  very  much  diftant  be¬ 
tween  themfelves,  the  wind  having  obtain’d  a  larger  fpace, 
hath  lefs  force;  asalfo  water  flows  fwifeer,  and  with  a  greate  r 
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endeavour  through  a  final!  narrow  place,  than  it  runs  through 
a  wide  open  Channel ;  therefore  I  dare  not  intirely  define  in 
thefe  kind  of  Sails,  in  what  place  the  forces  of  the  moving 
power  fliould  be  placed,  as  it  were  in  the  centre  of  vertue,  or 
force  j  for  near  the  Axis  to  which  they  are  fa  fined,  the  di~ 
fiance  is  final!,  and  the  Wind  as  it  were  their  objedt  being 
flopped,  blows  more  fwiftly  :  And  further  from  the  Axis  in  a 
greater  fpace,  it  Aides  away  more  eafily,  and  lefs  incites  the 
courfe  of  the  Sails ;  but  for  as  much  as  we  muft  not  rafhly 
appoint  the  compreffion  of  the  wind  altogether  to  anfwer  the 
changeable  diflances  of  the  Sails,  which  are  in  the  fame  pro¬ 
proportion  as  their  diflance  from  the  Axis  ;  neither  can  it  ea¬ 
sily  be  affirmed,  that  the  force  of  the  Wind  by  compreffion 
doth  decreafe  in  the  fame  proportion,  whereby  the  fame  mo¬ 
tion  increafes  by  the  diflance  from  the  Axis,  from  whence  there 
would  be  a  compound  motion  of  the  diflance  from  the  Axis, 
and  of  the  force  of  compreffion  to  be  equally  diffufed  through 
the  whole  length  of  the  Sail  or  Vane,  and  therefore  the  centre 
of  the  moving  force  would  be  in  the  middle  of  the  length. 
Neverthelefs  nil  things  rightly  corffidered,  I  efleem  the  centre 
of  this  force  to  which  the  power  is  underflood  to  be  applied, 
to  be  not  far  from  the  middle  of  the  length  of  the  Vane  or  Sail, 
un lefs  by  chance  the  Vanes  fhould  be  fuch,  that  their  breadth 
be  increafl  by  departing,  or  being  placed  further  from  the 
Axis,  for  fo  the  diflance  being  leffened  in  the  ends  of  the  Sails, 
the  compreffion  of  the  wind  is  likewife  increafl. 

But  if  you  imagine  any  inconvenience  to  happen,  by  the 
Poles  lying  upon  the  little  Houfe,  and  its  being  turned  f>,  as 
the  fails  to  be  again  the  wind  which  they  receive  ;  you  may 
on  the  top  of  the  Houfein  an  open  place  expofed  to  all  Winds, 
place  an  Axis  of  fufficient  flrength  perpendicular  to  the  Hori¬ 
zon,  about  which  you  muft  place  the  toothed  Wheel  pa¬ 
rallel  to  the  Horizon,  from  whofe  turning  about,  the  Mill  at 
laflis  turned ,  and  the  breadth  of  the  fails  according  to  the 
length  of  the  Axis,'mufl  be  placed  in  the  fame  upper  part  with¬ 
out  the  Roof,  that  the  Wind  blowing,  they  may  receive  the 
force  of  it;  even  as  Water  flowing,  the  force  is  received  by 
the  little  hands  of  the  Wheels.  But  becaufe  plain  even  fails, 
feem  lefs  apt  to  continue  the  rotation,  fince  thole  which  are 
oppofite  to  the  Diameter,  are  at  laft  equally  expofed  to  the 
force  of  the  Wind,  and  would  be  forced  neither  to  the  riehc 
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hand  rather  than  to  the  left,  and  therefore  the  turning  round 
would  ceafe ;  therefore  the  fails  fliould  be  made  a  little  crook¬ 
ed,  or  bowing,  for  by  this  reafon  they  will  be  made  fo,  that 
the  oppofits  will  be  unequally  preft  on,  and  the  Wind  will  at¬ 
tack  with  unequal  force  the  convex  face  of  the  right,  but  the 
hollow  face  of  the  left  Sail,  to  wit,  it  doth  as  it  were  remove 
it  felf  to  the  Wind,  neither  is  the  end  of  its  motion  very  much 
oppofed,  according  to  the  bowed  direction  of  the  Wind  ;  and 
I  make  this  hollowing  fo  bending  every  way,  that  receiving 
the  Wind,  ic  receives  its  whole  force:  Moreover  the  particles 
of  Wind  incurring  in  the  two  Sails  that  are  next  each  other, 
are  reflected  from  the  convex  of  one  face  to  the  hollow  of  the 
other  face,  and  increafes  the  force,  or  impulfion  ;  but  if 
you  pleafe  not  to  have  four,  but  five  Sails,  left  at  any  time 
two  be  oppofed  by  the  Diameter,  I  fhall  not  deny  it. "  Cer¬ 
tain  it  is,  that  the  length  and  breadth  of  thefe  kind  of  Sails 
help  very  much,  for  the  larger  they  are,  the  more  wind  they 
receive,  and  the  longer  they  are,  the  further  they  be  from  the 
centre  of  motion,  and  have  more  force  :  But  how  the  Machine, 
or  Engin,  muft  be  ftopt  or  ftayed  by  folding  or  unfolding  the  - 
covering  of  Cloth,  that  it  do  not  work  when  the  Miller  would 
have  it  ftand  ftill,  I  fhall  not  here  difpute,  where  we  are  only 
confidering  the  force  of  moving  ;  neither  doth  the  foie  ufe  of 
this  Mill  confift  in  grinding  of  Wheat, or  other  Grain,  but  alfo 
in  railing  and  turning  waters  another  way,  that  mar fhes  may 
be  drained,  and  other  things  of  the  fame  kind,  which  prefent 
body  always  moving,  they  are  not  tyed  to  a  certain  time,  e- 
ven  as  in  the  work  of  grinding,  which  is  not  always  ufed. 
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A  P11II7  is  an  Engin  confiding  of  one  or  more  little  wheels 
turning  eafily  about  their  Axis,  in  which  a  Rope  being 
drawn  about  the  wheel,  we  draw,  or  raife  a  weight-  there  is 
no  need  of  a  larger  Definition,  fin.ce  a i moil  every  one  knows, 
and  hath  feen  this  kind  of  Engin,  although  there  are  very  few 
that  underhand  their  force  rightly,  or  wherefore  they  are  u- 
fed  3  and  fometimes  his  wont  to  be  ufed  with  one  wheel  only, 
and  then  his  called  Momfpaftos. ,  or  of  a  double  wheel,  and  is 
called  Difpafiosy  or  his  trebly  multiplied,  and  is  called  Vclys- 

paftcs. 


PR  OP  OS.  I. 

A  Thorem. 

A  Singh  immovable  Fully  neither  adds  no?  dirnt- 

mjhes  Force . 

Fig-  69.  T  Et  there  be  a  frngle  immoveable  Ptilly  A  B,  fo 
L  that  the  wheel  only  is  turn’d  about  its  Axis,  and 
let  the  fnatch  block  be  immovable ,  I  fay,  that  Fully  will  not 
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encreafe  the  force  of  the  Power,  properly  fpeaking,  fo  that  the 
whole  advantage  which  accrues  from  fuch  an  Engin,  is,  that 
the  Rope  be  not  worn,  and  that  difficulty  fhun’d  which  arifes 
not  exa&ly  from  the  weight,  but  from  the  wearing  of  the 
Rope. 

The  Demonpation.  An  Engin  then  helps  not  the  Power, 
when  the  motion  of  the  Power  and  of  the  weight  is  equal  y 
but  in  the  cafe  propofed,the  motion  of  the  weight, and  the  mo¬ 
tion  of  the  power  are  equal,  which  I  thus  make  appear:  Firft, 
underftand  the  weight  in  D,  and  the  power  in  E,  draw  the 
Rope,  and  the  power  drawing  the  end  of  the  Rope  defcends 
in  the  point  G,  and  in  the  mean  while  the  weight  D  afcends 
in  H,  becaufe  in  both  fites  or  portions  the  length  of  the  Rope 
is  not  changed,  DAE  will  be  equal  to  the  Rope  HAG,  and 
by  fubftra&ing  the  common  fegment  H  A  E,  there  remains 
the  lines  D  H,  E  G  equal  ;  but  E  G  is  the  motion  of  the  pow¬ 
er,  H  D  the  motion  of  the  weight ;  therefore  the  motion  of 
the  weight  and  of  the  power  are  equal,  wherefore  the  weight 
is  neither  increaft  nor  diminiffit,  and  the  power  hath  the  fame 
force  only,  becaufe  if  by  it  felf  (  no  Engin  intervening  )  it  be 
joined  to  the  weight,  it  moves  fo  much  as  the  weight;  there¬ 
fore  the  force  is  increafed  nothing  by  this  Engin ;  which  was 
to  be  demonftrated. 


P  R  O  P  O  S'.  II 

A  Theorem,. 


J  Power  is  eajily  applied  by  a  jingle  immovable  Fully , 

LEt  there  betwo  Powers;  fuppofe  Men, raffing  equal  weights, 
and  let  one  ufe  a  Pully,  and  tire  other  no  fuch  Inllru- 
ment,  I  fay,  the  firft  can  eafier  apply  his  force  or  ftrength  to 
fuch  weight,  than  the  fecond ;  for  either  the  weight  will  be 
placed  beneath  the  Man,  or  above.-  If  the  firft,  the  endeavour 
will  be  fo,  that  the  traciive  force  of  the  Man  in  luch  cafe  will 
be  pofited  in  this;  that  the  Man  will  be  a  little  bent,  the  force 
of  the  Nerves  will  endeavour  to  reftore  themfelves  to  their 

wonted 
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wonted  redlitude,  or  to  hinder  fuch  bending  or  crookednefs ; 
therefore  when  a  weight  is  taken  up  in  this  manner,  oft-times 
the  endeavour  is  in  the  knees  and  the  whole  Body  3  or  the 
weight  to  be  raifed  is  placed  in  an  upper  place,  and  then  in 
like  manner  we  mult  have  recourfe  to  the  force  of  the  Nerves, 
hut  when  we  ufe  a  Pully  hung  in  an  upper  place,  we  may  ap¬ 
ply  the  weight  of  our  body,  belides  this  kind  of  force  of  the 
Nerves,  and  oft-times  without  any  endeavour  of  the  Nerves, 
therefore  his  not  fo  troublefome. 


P  ROP  OS*  III. 

A  Theorem. 

Large.  Pul  lies  are  mofl  tifefui. 

1%.  7Ia  A  ^though  as  I  have  /hewn  in  the  firft  Propofition, 
JjL  that  one  Pully  whofe  Snatch- block  is  immova¬ 
ble,  neither  increafes  nor  dimini  flies  the  force  of  the  power  $ 
neverthelefs  we  have  faid-alfo,  it  adds  to  the  facility,  becaufe 
that  it  faves  the  wearing,  or  rubbing  of  the  Rope,  but  there  is 
found  fome,  although  but  little  refinance,  in  the  Axis  of 
the  Pully,  which  ought  to  be  turn'd  about  5  I  fay,  this  difficul¬ 
ty  will  be  leffened,  by  how  much  the  Orb  of  the  Pully  is  grea¬ 
ter,  for  than  the  Semidiameter  of  the  Pully,  or  Rundle,  is  as 
it  were  a  Leaver,  and  the  Semidiameter  of  the  Axis  as  it  were 
a  Cylinder  in  a  wheel,  or  Peritrcchio 3  and  by  how  much  greater  ' 
the  proportion,  of  the  handle  is  to  the  Cylinder ,  fo  much  the 
eafier  is  the  motion  3  as  becaufe  there  is  greater  proportion  of 
the  line  G  D,  to  the  radius  of  the  Axis,  than  of  the  line  G  B, 
the  refiftance  is  eafier  overcome,  which  is  made  in  the  circum¬ 
ference  of  the  Axis,  while  the  Pully  is  turned  about  it.* 

There  is  alfo  another  conveniency  in  large  Pullies,  to  wit* 
that  the  Rope  is  not  fo  often  folded,  and  confequently  not  fo  > 
much  rubbed,  or  worn ;  but  I  fuppofe  nlwaies  Pullys  robe 
moveable  about  their  Axes,  for  if  they  fliould  not,  we  mull, 
reafon  otherwife. 


PR  Cu 
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PROVO  S.  IV. 

A  Theorem* 

J  Man  may  take  up  a  Weight  heavier  than  himfelf 

with  a  jingle  immovable  Vully . 

THis  Queftion  hath  been  pur  to  me  more  than  once,  whe* 
ther  or  no  a  Man  can  take  up,  or  raife  a  weight  heavier 
than  himfelf,  with  a  (ingle  immovable  Pully  (  I  always  under¬ 
hand  the  Snatch-block  immovable )  or  whether  a  man  that 
weighs  pounds,  can  raife  a  weight  of  200  pounds?  But  l 
devide  the  cafe,  to  wit,  either  a  man  fo  fingly  hands,  that  the 
force  of  his  weight,  or  gravity,  only  in  (ids  on  the  Pavemen  * 
or  his  Knees,  and  his  whole  body  fo  indeavours,  that  the  force 
of  this  endeavour  adhears  to  fome  other  Body  j  if  this  fecond 
happen,  a  man  may  elevate  a  weight  heavier  than  himfelf, 
to  wit,  becaufe,  befides  the  weight  of  the  man  which  may  be 
all  apply ed,  there  may  be  alfo  a  contrary  endeavour  from  the 
refinance  of  the  Nerves,  fo  that  while  I  would  take  up  one, 
■with  the  Fully  I  take  up  more  j  fome  Knees  endeavour  fo,  that 
they  cleave  to  Benches,  or  Formes,  and  lift  up  the  Bench c  s  to¬ 
gether  with  them,  whence  from  fach  endeavour  an  union  is 
made  of  the  Benches  with  the  Man  j  that  I  may  better  explain 
rny  felf,  fuppofe  a  man  has  pound  weight  upon  his  Feet, 
and  both  his  hands  to  lay  hold  on  a  Rope  filmed  in  an  upper 
place,  if  the  weight  on  the  other  part  be  very  great,  the  man 
may  by  hanging  on  the  Rope  lift  up  his  Feet,  and  elevate  or 
raife  the  weight  of  50  pounds,  in  which  cafe,  be  Tides  a  weight 
equal  to  himfelf,  he  may  elevate  50  pounds. 

But  if  he  fingly  frauds  on  the  Ground,  experience  reaches 
us  that  he  will  only 'elevate  150  pounds. 

But  we  mull  argue  otherwife  in  drawing  of  weight  infilling 
on  the  ground,  or  on  an  inclined  plane,  for  fince  weight  doth 
not  preeifely  refill  an  Horizontal  motion,  a  certain  rule  can 
fcarce  be  made  ;  for  it  depends  on  the  evennefs  of  the  body 
on  which  the  weight  Hands,  or  lies. 
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VROVOS.  V, 

A  Theorem, 


immovable  Pullys  neither  increase  nor  dimmflj 
the  force  of  a  P ower* 

71' T  Ft  thc  fevers  1  Pullys  be  EFG,  whole  Snatch- 
JL/  blocks  are  immovable;  I  fay,  although  we  life 
them  altogether,  the  force  of  the  power  is  neither  augmented 
nor  diminiihr :  For  let  the  power  be  in  A,  and  the  weight?  in 
C,  draw  the  Rope  in  B,  and  the  weight  afeends  in  D. 

The  Demon  fir  at  cn.  Forces  of  Powers  are  neither  diminifht 
nor  increafed  by  an  Engin,  when  the  motion  of  the  power  is 
equal  to  the  motion  of  the  weight,  but  in  this  cafe  it  thus 
Happens ;  for  when  the  Rope  A  E  F  G  C,  is  the  fame  by  fup^  ... 
poftion,  as  the  Rope  B  E  F  G  D,  they  will  be  equal,  and  the 
common  fegment  A  E  F  G  D  being  taken  away,  there  remains 
D  C  equal  to  A  B  ;  but  A  B  is  the  motion  of  the  power*  and 
D  C  the  motion  of  the  weight,  therefore-  the  motion  of  the 
power,  and  of  the  weight  are  equal,  and  therefore  the  forces 
of  the  power  are  neither  increaft  nor  decreaft,  which  was  to 
be  demonitrated. 


P  ROVO  S.  VL 
A  Theorem. 


d  Weight  hung  to  a  movable  Fully  its  half  fart  is 


%  73-T  rt  the  Pully  be  A,  and  its  Snatch-block  movable, 
jLj  and  a  weight  hung  to  it,  and  the  power  in  D;  I 
fay,  the  weight  will  be  leilened  an  half  part,  fuppofe  the  pow¬ 
er  to  be  fo  moved,  that  the  Pully  A  afeend  to  E, .  Th% 
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! The  Demonstration.  That  the  Puliy  A  be  placed  in  E,  tne 
power  ought  to  be  moved  as  much  as  the  length  of  the  Chores 
C  F,  GD,  for  from  the  point  C  to  D,  is  the  fame  difiance  as 
between  F  and  G  ;  but  C  F,  G  D  taken  together,  are  aouDie 
the  fpace  A  E,  to  which  the  motion  of  the  weight  B  is  equal 
as  appears,  therefore  the  motion  of  the  power  is  double  the 
motion  of  the  weight ;  but  (  by  the  firft  principle  of  Mecha- 
nicks  )  as  often  as  the  motion  of  the  power  is  double  the  mo¬ 
tion  of  the  weight,  the  whole  force  of  the  power  is  doubled  ; 
.therefore  in  our  cafe  the  force  of  the  power  is  doubled  in  ol¬ 
der  to  fuch  weight,  or  which  is  the  fame,  the  weight  is  di- 
mini/ht  an  half  parr,  which  wras  to  be  demonftraced. 

But  if  in  (lead  of  the  Hook  C,  there  be  added  one  pow  ei 
which  /hall  be  equally  moved  with  the  power  D,  we  fnall 
find  by  tryal  only  an  half  part  of  the  weight,  in  the  lame 
.manner  as  if  they  bore  two  weights  equally  dill ant,  hung  to  a 
Beam  or. Leaver. 


PROP  O  S.  VII 
A  Theorem, 

J Tower  applied  to  a  moDe able  Fully,  dimimjbes  -an 
half  part  j  in  refpeU  of  a  Weight  hung  on  one  end  of 
.a  Rope. 

Ft<r.  74.T  F  in  Head  of  the  weight  B  being  hung,  a  power  be 
J  1  applied  to  the  fame  Fully,  and  the  weight  hung  ro 
the  Rope  D,  I  fay,  the  force  of  the  Power  is  diminiflit  an  half 

part.  t  -ex 

'T'he  Demonftration*  As  I  /hewed  befoie,  the  motion  of  the 

weight  will  be  double  the  motion  of  the  power,  and  theie- 

fore  (  by  the  firft  principle  of  Mechanicks)  the  forces  of  the 

power  aise  leffned,  and  the  forces  of  the  weight  incieafed  j 

which  may  likewife  be  faid  of  two  weights,  to  wit,  as  when 

the  weight  B  of  100  pounds  is  made  in  equ'Mrio  in  the  point  D, 

or  which  way  foever  the  Rope  G  D  fhali  require  50  pounds. 

Corol- 
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Corollary. 

Hence  it  follows, that  an  immovable  Pulley  is  a  Leaver  of  the 
foil  kind,  of  equal  Armes,  and  a  movable  one  is  a  Leaver  of 
the  fecond  kind,  or  in  like  manner  of  the  third  kind,  of  equal 
Armes. 


PROP  OS.  VIII. 

A  Theorem, 

If  to  move  he  Wheels  of  a  Diaf  or  Clocks  for  i  2  Hoursy 
there  he  required  a  weight  of  5  o  pounds 4  and  the 
weight  defend  20  feet,  keeping  the  fame  defcent y 
a  weight  that  foal l  moloe  the  Cloc^  24  Hours  will  re- 
quire  to  he  100  pounds . 

THis  proposition  which  may  eafily  be  deduced  by  the  Corol¬ 
lary  of  the  precedent  propofition,  becaufe  of  the  com- 
monnefs  of  its  ufe,  may  be  propofed  in  this  manner  j  fuppofe  a 
common  Clock  that  requires  a  weight  of  50  pounds  to  keep  it 
in  motion,  and  fuppofe  the  place  where  the  weight  defcendsto 
be  20  foot  only,  and  this  defcent  ferves  for  12  hours  j  and  we 
would,  keeping  the  fame  defcent,  have  a  weight  to  ferve  lor 
24  hours,  I  defire  the  magnitude  of  the  weight  5  I  fay,  the 
weight  required  mull:  be  100  pounds. 

The  Demon.  Suppofe  the  motion  of  the  Clock  and  its  refinance, 
to  be  after  the  manner  of  the  motion  of  the  other  weight,  \is 
certain  by  the  fuppofition  that  the  refiftance  of  the  Clock  for  1 2 
hours,  is  lefs  than  of  a  weight  of  50  pounds  being  movable 
20  feet  5  but  the  motion  of  the  Clock  for  24  hours  is  double  of 
that  which  is  made  in  1 2  hours,  and  in  like  manner  a  weight 
of  ioo  pounds  as  movable  20  feet,  is  double  of  a  weight  of 
50  pounds  that  moves  the  fame  fpace,  therefore  the  motion  of 
the  Clock  for  24  hours  will  be  lefs  than  a  weight  of  too  pounds 
moving  20  feet,  and  will  be  exceeded  by  the  fame  excels. 

N  And 
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And  the  way  to  fit  that  weight  is  eafie,  for  if  it  be  required 
precifely  to  move  in  a  time  double  to  that  wherein  it  did; 
move,  it  may  be  done  with  no  charge  by  help  of  a  Pulley,  in 
rhat  manner  as  is  ftiewn  in  the  7th  Propofition,  viz.  if  the 
Rope  be  faftned  firmly  at  one  end,  and  the  other  end  join 
clofe  to  the  Cylinder  of  the  Clock. 

But  if  another  lefs  proportion  be  required,  to  wit,  as  2  to  3, 
or  as  3  to  4,  the  Diameter  of  the  Cylinder  on  which  the  Rope 
goes  about  in  the  Clock  muft  be  leffened,  according  to  the. 
proportion  given  reciprocally,  that  is,  if  for  example  it  be  re¬ 
quired,  that  the  weight  of  the  Clock  fhould  move  18  hours, 
when  before  it  moved  only  1 2  hours,  the  Cylinder  muft  be 
leffened  according  to  f  part  of  its  Diameter ;  but  if  there  be. 
required  a  quadruple  proportion,  two  movable  Pulleys  muft. 
be  made  ufe  of.  Laftly,  If  a  proportion  much  greater  be  re¬ 
quired,  add  one  Wheel  to  the  Clock. 


P  R  O  P  O  S.  IX. 

A  Theorem. 

In  Difpafto,  or  im  VulleySj  if  the  cord  of  amoVablk 
"Pulley  be  only  turned  about  the  Wheely  and  is  not 
faftned  to  its  Snatch-block^  or  weighty  but  to  the 
immovable  pointy  the  power  will  be  only  doubled ,, 
which  draws  by  the  other  end.. 

* 

Jig,  7^  TTVEcaufe  there  are  many  ways  which  Ropes  may 
J3  be  put  about  Pulleys,  from  whence  follow  feve- 
ral  augmentations  of  a  power  y  I  will  undertake  to  explain 
this  in  the  firft  place,  to  wit,  if  one  end  of  the  Rope  A  D  C  E  be 
faftned  in  the  unmovable  point  A,  or  to  any  other  point,  as 
the  point  B,  and  be  turn'd  about  the  Pulley  D.,  then  about  the 
Pulley  G\  and  be  drawn  bytheend  E  5  I  fay,  the  force  of  the 
power  placed  in  E,  with  refpeft  to  the  weight  hanging  at  D, 
is  doubled. 

The  Dmcnfiration,  The  point  E  is  equally  moved  with  the 

point: 
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point  F  (by  the  firft  of  this)  but  the  point  F  is  moved  with  a 
double  velocity  to  the  weight  hung  in  D,  (by  the  j)  therefore 
the  point  Eis  moved  doubly  fwifter  than  the  weight  D  5  but 
E  is  the  place  of  the  power  ,  therefore  the  power  is  moved 
doubly  fwifter  than  the  weight,  and  (by  the  firft  principle  of' 
Mechanicks)  tire  force  of  the  power  E  is  doubled  :  Which 
was  to  be  fhewn. 

Secondly,  Let  the  end  E  be  firmly  fixt,  or  unmovable  in  the 
point  E,  and  draw  the  Rope  upward  from  the  power  placed 
in  the  point  A  ;  I  fay,  in  like  manner  the  force  of  the  power 
is  doubled,  and  the  Pulley  C  is  ufelels. 

The  Demonftration.  When  the  Segment  of  the  Rope  E  C  F 
in  this  cafe  is  immovable,  it  will  be  the  fame  as  if  the  Rope 
were  faftned  in  the  point  F,  and  one  Pulley  ufed  only,  but 
(by  the  (>th  of  this)  one  Pulley  placed  in  this  manner,  doubles 
the  force  of  the  power,  therefore  alfo  in  this  cafe,  the  forces 
ofthe  power  are  doubled  :  Which  was  to  be  (hewn. 

Corollary. 

Hence  it  follows,  that  if  the  power  be  D,  and  the  weight  in 
E,  the  end  of  the  Rope  fixt  in  the  point  A  ;  I  fay,  that  in 
this  cafe,  when  the  motion  of  the  weight  is  doubled,  the 
force  of  the  power  is  leffened. 


Pi?  OPOS.  X. 

A  Theorem. 

In  Difpafto,  or  two  Pulleys ,  if  the  end  of  the 
he  fajlened  to  the  movable  Snatch-block^  and  the 
rope  he  turned  about  the  fame  wheel 5  the  Power  mil 
tnvledy  or  threefold , 

Tig,  -r  Etthe  end  of  the  rope  be  (aliened  in  the  point  I 
I  ,  of  the  movable  Snatch-block,  then  turn  it  about 
the  wheel  of  the  immovable  Snatch-block  B;  and  again,  turn 

N  2  if 
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ic  about  the  wheel  of  the  movable  Snatch-block  I,  and  let 
the  power  be  in  the  point  C>  drawing  the  rope  upwards.  I 
ay,  the  force  of  the  power  is  tripled. 

Thi  Diwmft ration,  Suppofe  the  power  C  fo  to  be  moved, 
that  the  Pulley  I,  touch  the  Pulley  B ;  In  this  cafe  there  is  left 
only  fo  much  of  the  rope  as  is  required  to  compafs  both  the 
wheels,  to  wit,  as  much  as  the  portion  F  B  E,  and  G  H  I, 
and  the  motion  of  the  drawing  power  from  C  is  equal  to  the 
red  of  the  rope,  or  to  the  parts  A  E,  F  G,  HCj  but  thofe 
parts  taken,  together,  are  triple  the  motion  of  the  weight,  to 
wit,  the  line  I  E,  therefore  the  motion  of  the  power  is  triple 
the  motion  of  the  weight,  therefore  the  forces  of  the  power, 
are  tripled  :  Which  was  to  be  fl lewn. 


P  RO  VOS.  XL 
A  Theorem. 

h  Tripafto,  or  three  P alleys.  If  two  Pulleys  are 

immovable  ,  and  one  only  movable^  the  power  is 
tripled. 

Fig.  76.  T  Er  there  be  three  Pulleys,  wherein  two  of  them 
JU  A  and  B  are  immovable,  or  immovable  in  the 
Snatch-blocks,  and  let  the  rope  be  faftned' in  the  point  C  ; 
then  turn  the  rope  about  each  wheel,  as  you  fee  in  the  figure- 

and  let  the  weight  be  B*  and  the  power  in  E  :  I  favf  the 
power  is  tripled. 

The  Demonfir ation.  The  point  E  is  not  more  moved  than  the 
point  F,  and  therefore  the  Pulley  B  is  only  ufed  for  convenien- 
cy  fake.  Bur  the  point  F  (by  the  10th  of  this)  is  moved  triply, 
or  threefold  fwifcer  than  the  weight  D,  therefore  in  this  difpo- 
iitiou  the  power  is  triplicated  ;  which  was  to  he  ftewn. 

But  the  end  of  the  rope  C  could  not  be  faftned  to  the  up¬ 
per  Snatch-block,  otherwife  one  of  the  upper  Pulleys  would 
have  been.ufelefs. 


P  R  O  P  OS. 
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I 


PRO  PO  S.  XII. 
A  Theorem. 


In  Trifpafto, 

movable  in 
power. 


or  three  Pulleys ,  two  of  them  being 
the  [natch  block#  quadruplicates  the 


ptr.  77.  jf  there  be  three  Pulleys,  wherein  the  two  lower 
J.  ones  A  B  are  moveable 3  I  fay,  the  Power  in  C 

in  this  cafe  is  Quadruplicated.  ,  r  ,, 

"The  Demorifiration.  Underftand  the  power  C  to  be  to  moved 
in  drawing  the  Rope,  that  the  Snatch-block  A  B,  touch  the 
Snatch  block  E,  there  remains  about  the  Pulleys  a  Segment 
of  the  Rope  equal  to  the  Segments  D  E  F,  I  BK,  G  A  H  ■ 
the  reft  are  drawn  by  the  Power,  and  meafure  the  Motion  or 
the  Power  :  But  the  Segments  D  I,  LG,  FH,  C  K  are  qua¬ 
druple  the  fpace  L  G,  therefore  the  Motion  of  the  Power 
is  quadruple  ;  which  was  to  be  fhewn.  _ 

Notwithftanding,  becaufe  this  kind  of  drawing  upwards  is 
inconvenient  3  a  Pulley  fhoug|d  be  added  in  the  Qppei  natch- 
block,  and  then  its  force  will  be  quadiupled,  foi  the  Pulleyt 
is  only  added  for  conveniency. 


< .  ■  *  1  <  .  ■  '  \ 

* 

4,  4 

V  ROTO  S. 


PROP  OS:  .XIII. 

Ij  -  ......  sn  •  ’  ,/ 

A  Theorem, 

If  the  Lower  Snatch-h/ocl^  be  moVeable y  and  the  Vow e'r 
draw  upwards^  the  P ower  is  fo  many  times  multi - 
ivhed  as  are  the  drawing  of  the  Chords . 

] Fig,  7.7.  ¥  E  T  the  Snatch-block  A  B  be  movable,  and  the 
JL  Power  C  draw  upwards  >  or  that  the  Propoii- 
tion  may  be  more  Uni verfaf  let  it  draw  again  ft  the  immove¬ 
able  Snatch-block,  then  the  Power  is  multiplied  fo  many  times, 
as  diere  are  drawings  of  the  Chords,  becaufe  then  either  the 
end  of  the  Chord  being  faftned,  is  in  the  upper  place,  and  be¬ 
ing  drawn,  the  pairs  will  be  doubly  more  than  the  lower 
Pulleys;  but  the  lower  Pulleys  double  the  Power,  and  by  the 
demonft ration,  if  there  be  one  below,  there  is  no  need  of  the 
upper  one,  as  lsfhewn  in  Prop.  6,  and  the  force  is  doubled  ac- 
i, cording  to  the  proportion  of  drawing.  If  there  be  two  below, 
and  one  above,  ’tis  (hewn  in  the  precedent  Proportion,  that 
the  power  is  ‘quadruplicated  ;  and  fo  of  the  reft. 

K  I.  •  ■  fcjr  •  •  .  t  . 

^  ^  i  5  '  }  ■  5  '  -  .  I  4  ^ 
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PROP  OS.  XIV. 

A  Theorem, 

ijf  the  lower  Snatch-bloc ^  be  movable ,  and  the  power 
draw  downwards^  the  force  of  the  power  is  fo  ma- 
•  ny  'times  multiplied^  as  there  are  drawing  of  the 
chordsy  one  lefs. 

Fig.  75.  ’'"pIS  fliewn  that  the  force  of  the  power  in  F 
X  is  the  fame  as  in  E,  but  if  the  power  be  in  F, 

and 


> 
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and  its  force  multiplied  according  to  the  number  of  drawings, 
to  wit,  triplicated,  and  in  E  there  be  added  one  drawing  oi 
the  Chord  5  this  drawing  of  the  Chord,  which  is  added,  in- 
creafes  not  the  force,  therefore  ought  not  to  be  computed. 


PRO?  OS.  XV. 


f  the  lower  Snatch-bloc ^  be  movable y  and  the  rope  be 


Am 

aii 


j 


to  the  movable  Snatch-block. ,  /Wcr 

P  alley  dailies  the  power  y  and  renders  one  upper 
power  only  eopaal  to  the  weight. 


LEt  there  be  any  number  of  Pulleys  in  which  the  Snatch-block : 

of  the  lower  is  movable,  to  which  faften  the  end  of  the 
Rope- 1  fay,  If  there  be  one  upper  Pulley,  the  power  is  equal  to  the 
weight q  if  one  be  added  below  the  foice  of  the  power  is 
doubled, and  fo  the  power  will  be  triplicated, but  the  reft  oi  the 
upper  ones  add  nothing,  that  is,  if  there  be  two  upper  ones, 
the  power  will  remain  cripple  of  it  fell  j  if  another  be  addeo 
below,  it  will  be  quintuple,  and  fo  on,  which  are  all  demon- 
ftrated,  particularly  in  the  foregoing  Propositions. 


prop  os.  xv 1: 


]f  the  lower  Snatch-block,  be  movable ,  and  the  rof& 
faftned  to  the  upper?  as  many  Valleys  as  are  below?, 
fo  many  times  the  power  is  doubled ,  the  upper  ones 
fterVe  only  for  conVemency . 

TN  any  number  of  Pulleys  in  which  the  Rope  is  faftned  to  an.. 

1  immovable  Snatch-block,  the  power  is  fo  many  times  dou. 
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bled,  as  -there  is  lower  Pulleys,  or  in  a  movable  Snatch-block  : 
That  is,  if  only  one  be  in  the  movable  Snatch-block,  the 
•force  of  the  power  is  doubled  ;  if  two,  bis  quadrupled  ;  if 
three,  his  equal  to  fix  powers,  and  fo  on,  fo  that  no  propor¬ 
tion  ought  to  be  had  of  the  upper  Pulleys,  or  of  their  being 
in  an  immovable.  Snatch-block. 

The  Demonftratio n.  Tis  /hewn  in  Prop.  V[.  that  his  fo  in 
one  Pulley.  In  Prop.  IX.  his  fhewn  to  be  fo  in  two  Pulleys, 
to  wit,  that  the  power  in  both  cafes  is  doubled.  In  Prop.  XIL 
in  three,  or  more  Pulleys  his  the  fame  3  the  like  proportion  may 
■be  demonftrated  in  others. 

Whatsoever  is  fhewn  concerning  the  railing  of  weight  up¬ 
wards,  is  to  be  underflood  of  any  other  motion,  whether 
•Horizontal,  or  any  other,  to  which  weights  refills,  alfo  of  any 
refinance  that  we  undertake,  to  overcome  by  Pulleys. 

Alfo  as  we  compare  the  power  with  the  weight,  we  may 
in  like  manner  compare  two  weights  between  themfelves  • 
iikewife  if  you  place  the  power  in  the  place  of  the  weight, 
and  in  like  manner,  if  the  weight  obtain  the  place  of  the 
power,  the  weight  will  beincreafl  with  refpedi  to  the  power, 
or  the  power  diminifht,  which  words  are  all  of  one  fignifi.ca- 
don;  and  the  moving  power  may  obtain  the  place  or  the 
weight,  as  often  as  the  forces  are  abounding  3  but  a  mofl  fvvift 
motion  is  produced  in  a  weight,  which  limply  from  a  power 
cannot  be  produced  without  an  Engin,  becaufe  the  power 
cannotmove  itfejfwich  fo  much  velocity;  which  principle  is 
to  be  undedlood  in  all  Engins. 


VR  O  VO  S.  XVII, 

■  '  ,  .  \  ...  ,  ... 

To  difpofe  Vullcys  fo  that  according  to  the  number  of  the 
.  Valleys y  the  power  may  always  be  increased  continu¬ 
ally  in  double  proportion. 

FT  7s-  ''TiHe  increafe  of  power  by  Pulleys  hitherto  treated 
i  on,  feeins  to  proceed  only  according  to  Arith¬ 
metics  1 
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metical  proportion,  fo  we  fhew  in  the  precedent  proportion’ 
that  according  to  the  number  of  Pulleys  placed  in  the  move¬ 
able  Snatch-block,  the  force  of  the  power  is  doubled ;  now  we 
will  inftitute  another  difpofition,  wherein  if  there  be  only  one 
Pulley,  the  force  of  the  power  will  be  doubled,  if  two,  qua¬ 
drupled,  if  three,  it  will  be  oftuple,  if  four,  the  power  will 
be  equivalent  to  lixteen,  and  fo  of  the  reft. 

Suppofe  a  weight  to  be  raifed  being  faftned  to  a  moveable 
Pully  B,  and  let  one  end  of  the  Rope  be  fixt  in  the  point  G, 
and  the  other  end  of  the  fame  Rope  reach  to  the  Snatch- 
block  C,  in  like  manner  let  another  Rope  F  C  D  be  firmly 
fixt  in  F,  and  the  other  end  fixt  to  the  Snatch-block  D*  let 
there  be  a  third  Rope  E  D  H,  one  end  of  which  fallen  well 
in  the  point  E,  and  let  the  power  be  in  H  ;  I  fay,  the  power 
in  H  of  it  felf  being  equal  to  the  weight,  being  fo  difpofed, 
is  odtuple  of  the  weight. 

Tloe  Democrat  ion.  Tis  ftiewn  (at  Prop.  VI.  of  this)  that 
the  power  in  H  is  moved  with  a  double  velocity  of  the  Snatch- 
block^  D,  and  the  Snatch-block  D  doubly  fwifter  than  C; 
and  C  doubly  fwifter,  or  as  fwift  again  as  B,  therefore  H  is 
moved  eight  times  fwifter  than  the  weight,  and  (by  the  firft 
principle  of  Mechanicks)  will  have  eight  times  greater  force 
in  refpedi  of  the  weight  ;  therefore  9tis  fufficient  that  the 

powder  be  fubo&uple  of  the  weight  to  be  in  emilibrio  with 
the  weight, 

Or  it  maybe  demonftrated  by  any  Leaver,  fora  Pulley 
difpofed  in  this  manner,  is  a  Leaver  of  the  fecond  kind,  in 
which  the  weight  is  precifely  in  the  middle  between  the  pow¬ 
er  and  the  prop,  or  Centre. 


1  "■  111,1  bxux* 

PROP  OS.  XVIII. 

A  Theorem. 


By  Pulleys  any  weight  may  be  moved  by  any  power. 

Firft,  It  the  power  be  never  fo  little  greater  that)  the  weight, 
it  may  be  moved  by  any  Pulley  that  only  liyips  the°ap- 
pli cation,  but  if  it  be  equal,  and  the  Pulley  difpofed  after  the 

O  . .  \  ■  fecond 
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Ccond  manner,  the  weight  will  be  more  eafily  moved  ;  but 
if  the  power  be  lefs,  as  if  it  be  to  the  weight  as  one  to  eight  j 
eight  Pulleys  difpofed  in  this  fecond  manner,  or  eight  Pulleys 
diTpofedin  two  Snatch-blocks,  will  eafily  overcome  the  whole 
refiftance  of  the  weight ;  to  wit,  if  there  be  a  greater  pro¬ 
portion  of  the  motion  of  the  power  to  the  motion  of  the  weight, 
than  of  the  weight  to  the  power., 

A 


OF  THE 


BOOK  V. 


J  S crew  is  a  Cylinder  wrought  in  one  or  more  fohd 
Spires  y  or  Helices  j  welling  outy  as  appears  in  the  * 
figure, 

N  D  the  ufe  of  it  is  common,  for  5tis  put  into* 
another  concave  cylinder,  cut  in  like  manner  in¬ 
to  concave  Spires,  fo  that  the  convex  Spires  or, 
Helices  of  the  former  Cylinder,  fit  to  the  concaves  which  are 
put  upon  them.  The  concave  Cylinder  fometimes  is  fixt  and  im¬ 
moveable,  and  in  this  cafe,  the  Screw  befidesits  circular  motion, 
hath  alfo  a  right  motion,  w  hereby  the  whole  Cylinder  goes 
forth.  Sometimes  the  Screw  is  immovable,  and  the  concave  Cy¬ 
linder  is  only  moved,  andcommonly  a  fimple  Cylinderis  added 
to  the  Screw,  into  which  a  handle  is  grafted  or  fixt,  as  in  A  B 
the  handle  B  C  is  ad  joy  Ad,  that  it  may  be  moved  round  more 
eafily;  hitherto  Authors  have  recalled  the  Screw  to  the 
Wedge,  and,  the  Wedge  to  the  Leaver,  or  to  the  motion  of 
a  weight  on  an  inclined  plane,  as  if  you  underftand  D  E  to 

be 
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be  the  weight,  and  it  be  moved  round  in  the  Orb,  fo  that  it 
afcend  according  to  the  Spire  of  the  Screw,  inclined  to  the 
Horizon,  or  if  the  Wood  D  E  be  immovable,  the  Screw  it 
felf  being  turn’d  about,  which  is  confider’d  by  the  manner 
of  a  weight,  its  afcent  will  be  by  the  inclined  plane  of  the 
Spires  of  the  concave  Cylinder  F  G ;  but  thefe  conliderations 
are  fuperfluous  and  unprofitable,  when  more  immediately  die 
force  of  the  Screw  may  be  meafured  from  the  firft  principle 
of  Machines,  than  by  fuch  redu&ion. 


P  RO  P  0  S.  I. 

A  Theorem. 

To  explane0  and  meafure,  the  force  of  the  Screw. 

Fk.  79.  T  Et  the  Screw'  be  A  B,  furniflit  with  its  handle  BC, 
JL  for  alfo  in  lelfer  Screws  of  Iron  which  are  made 
nfe  of  to  (train  fomething,  there  is  added  a  head  furmfht  with 
a  notch  or  cleft,  that  there  may  be  put  in  fomething  of  Iron, 
which  may  obtain  the  force  of  a  handle,  And  let  the  power 
be  applied  in  the  point  C,  and  underftand  one  circumvolu¬ 
tion  to  be  made,  or  the  circle  C  K  L  to  be  defcribed  in  the 
mean  while  the  weight  afcends,  from  one  circumvolution  of 
theSpiie  to  another,  to  wit,  as  much  as  is  the  line  N  O.  An 
interval,  or  fpace,  equal  to  the  line  N  O  _  comprehended  be¬ 
tween  the  two  Spires,  is  found  100  times  in  the  circumference 
C  K  L  •  I  fay,  that  it  may  be  in  equilibria,  there  is  required 
fo  much  power  as  is  only  fubcenruple  of  the  weight,  that  is, 
if  the  weight  be  i  oo  pounds,  it  requires  a  power  only  equal 

to  1  pound.  _  _ 

'J'he  DeTfiowJlv citiow*  1  is  then  in  ’K^uiUbvlo^  when  the  mo- 

tion  of  the  powrer  is  to  the  motion  of  the  weight,  as  the 
weie-ht  it  felf  is  to  the  power,  but  in  our  cafe  the  motion  of 
the  power  is  centuple  the  motion  of  ti,*-  weight,  and  the 
weight  an  hundred  fold  of  the  power  it  felf,  therefore  ’tis  in 
Equilibria,  whence  if  the  power  be  a  little  greater  or  more 
than  one  pound  it  will  overcome  the  refiftance  of  the  weight. 

O  i  Corollary. 
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Corollary. 

If  the  power  be  applied  to  the  wood  D  E>  fo  that  it  move 
downward  by  a  right  line,  and  not  circular,  not  with  Handing 
it  will  compel  the  Screw  to  move  circularly,  and  let  the  weight 
be  in  C,  the  power  requires  to  be  centuple  of  the  weight  to 
move  it.  But  if  the  wood  D  E  be  moved  circularly,  and  the 
weight  afeend  upwards  in  a  right  line  with  the  Screw  3  as  if 
you  feign  the  weight  to  be  B3  the  whole  circle  deferibed  by 
the  wood  would  be  compared  with  the  circumference  of  the 
line  N  O,  which  meafures  the  afeent  of  the  weight  in  each 
circulation. 


- - - -  - — - 4*— - -  - - 

P  ROP  0  S.  II. 

A  Theorem. 

The  diners  ufes  of  Jingle  Screws .. 

Fig .  80.  *T*  HE  ufe  of  Angle  Screws  are  various,  and  for  the 
A  moft  part  they  are  ufed  to  ftrain,  as  appears  in 
ihe  79th  Figure,  in  which  the  Screw  A  B  is  ft  lined  in  the 
hole  B,  alfohisfurnifht  with  itsSpires,  but  the  hole  C  is  Angle, 
and  confifts  of  no  Spires  3  while  the  head  of  the  Cylinder  ar¬ 
rives,  in  C,  and  the  Screw  is  turned  about,  the  woods  B  D, 
CF,  will  come,  or  meet  together,  and  the  force  of  the  power 
will  be  increas'd  according  to  the  proportion  of  the  circle  de¬ 
feribed  by  the  end  of  the  handle  A  E,  to  the  interval  of  the 
Spires,  or  Helices. 

And  the  fame  effedt  follows  whether  the  wood  B  D  be  made 
immovable*  and  fo  the  wood  C  F,  come  to  that,  or  the  con¬ 
trary. 

Thefecond  kind  is,  Fig.  Si.  when  the  Screw  is  at  one  end, 
and  the  wood  to  which  his  faltned,  is  at  the  other  end,  and  is 
immovable,  and  then  the  power  will  be  mixt,  to  wit,  of  the 
Screw  and  Leaver,  as  in  this  figure,  if  the  Screw  A  B,  be  in¬ 
grafted  to  the  wood  A  C,  in  the  point  A,  and  the  piece  of 
timber  to  which  his  ingrafted  be  fixt  in  the  point  C  3  and  the 


IO  f 
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weight,  or  that  which  refills  the  preifing,  be  in  the  point  Ds> 
C  A  will  be  a  Leaver  of  the  fecond  kind. 

And  that  you  may  meafure  the  force  of  this  Engin,  fuppofe 
it  a  Wine-prefs,  and  let  the  beam  C  A  be  equal  to  a  weight  of 
200  pounds,  that  is,  if  it  lies  on  a  parcel  of  Grapes,  it  will 
make  the  fame  compreflion  as  200  pound  weight  will  make; 
and  let  the  Screw  be  fo  made,  that  each  fpire  be  diftant  from 
one  another  one  inch,  and  the  handle  B  E  7  feet,  fo  that  its 
whole  circumvolution  will  be  22  feet,  01*264  inches,  and  let 
the  force  of  the  man  that  preffes,  be  equal  to  100  pounds;  I 
fay,  the  man  alone  hath  fo  much  force  to  prefs  the  Grapes, 
as  hath  the  weight  of  5280®  pounds  ;  the  reafon  is  clear,  for 
while  the  man  runs  over  22  feet,  or  264  inches,  the  beam  A 
defcends  only  one  inch,  and  the  weight  D,  which  is  in  the 
middle  of  the  Leaver  A  C,  is  only  moved  half  an  inch,  there¬ 
fore  the  force  of  the  power  is  increafed,  according  to  the 
proportion  of  264  to  or  of  528  to  1  ;  but  the  power  is  100, 
therefore  the  force  of  the  man,  ufing  this  prefs,  will  be  equi¬ 
valent  to  5  2800  pounds  ;  which  was  to  be  lhewn. 

Fig.  82.  The  third  manner  will  be,  if  you  make  ufe  of  2 
Screws,  which  are  moved  together,  or  fucceffively  after  each 
other,  and  one  in  refpedt  of  t'other,  hath  the  proportion  of  a 
Prop,  or  Hypomcclion  3  as  if  the  Screw  A  be  moved,  the 
Screw  B  not  being  moved,  the  point  B  will  be  the  Prop,  with 
refpedt  to  the  Leaver  A  B,  which  belongs  to  the  fecond  kind 
of  Leaver. 

Fig.  83.  To  this  kind  of  power  are  recalled  the  Vices  which 
Iron-ftniths  ufe,  like  wife  the  Preffes  which  Printers  ule,  and 
many  other  Inftruments,  whole  forces  we  may  meafure  by  the 
fame  principles. 
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Of  Compounded  Screws*, 

call  that  a  compounded  Screw,  whofe  convex  Cy¬ 
linder  is  not  ingrafted,  or  fitted.,  into- its  corse- 
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fpondent  concave,  but  is  mixt  with  other  powers*  AinTfirft, 
if  the  Helices  of  the  Screw  be  fitted  to  a  toothed  wheel,  his 
call’d  an  infinite  Screw,  or  moving  in  infinitum ,  the  forces  of 
this  power  are  wonderful,  for  fuppofe  a  wheel  to  confifl  of  5  o 
teeth,  alfo  let  the  Axis  be  A,  about  which  the  rope  goes 
round  y  and  let  the  handle  B  C,  be  to  the  Semidiameter  of 
the  Axis,  as  4  to  j,  and  let  the  power  of  the  man  be  equal  to 
1 00  pounds  ;  I  fay,  the  man  being  furnifht  with  fuch  an  Engin, 
is  in  Eqmlibrio  with  a  weight  of  20000  pounds,  and  the  man 
will  be  equivalent  to  100  men. 

The  Demon  fir  ation .  The  handle  BC  ought  to  make  50  cir¬ 
cumvolutions,  while  the  wheel  only  performs  one,  becaufe 
that  every  circumvolution  of  the  Screw  impels  only  one  tooth  : 
Therefore  while  the  handle  B  C  is  turn’d  round  0  times, 
•the  Tympane  A  is  only  once  turn'd  about  ;  but  the  circulation 
of  the  handle  is  to  the  circulation  of  the  Tympane,  as  4  to  r, 
therefore  the  motion  of  the  power  applied  in  C,  is  to  the  mo¬ 
tion  of  the  weight,  as  200  to  t,  therefore  by  reciprocation, 
the  power  as  of  1  pound  will  be  in  Equilibria  with  a  weight 
of  200  pound,  or  as  ioo  to  20000,  which  was  to  be  demon- 
fir  at  ed. 

But  if  inftead  of  the  Tympane  A,  you  ufc  another  Screw, 
40  whofe  wheel  the  fame  number  of  teeth  fhall  anfwer,  one 
man  will  be  equivalent  to  10000  men.  If  you  make  ufe  of 
three  Screws  in  the  fame  manner  and  order,  with  w  heels  an- 
iwering  to  them,  one  man  will  be  equivalent  to  100000 
men. 

Neverthelefs,  fcarce  any  Engins  are  ever  made  fo  fir  on  g, 
but  in  pradice  they  become  unufeful,  becaufe,  that  either  the 
ropes  break,  or  that  which  they  are  failned  to,  is  not  able  to 
fuiiain,  or  the  teeth,  or  other  parts  break,  the  weight  being  fo 
extraordinary. 

This  Engin  is  moll  ufeful,  as  often  as  the  motion  is  ta  be 
diminiflit,  'as  when,  for  example,  we  have  a  wheel  in  a  Clock, 
which  is  turn’d  round  once  in  every  hour,  if  you  defire  a  mo¬ 
tion  12  times  flower,  the  Axis  of  this  firfl  wheel,  muft  have  a 
Screw,  to  whofe  fpire  the  teeth  of  the  other  w  heel,  mull  be 
ingrafted,  which  mini  have  12  teeth,  and  fo  you  will  have  a 
motion  12  times  flower;  fo  if  in  a  Clock  you  have  a  Wheel, 
or  Axis,  which  is  turn’d  about  twice  in  a  day,  w'hich  is  fur- 
■nifht  with  a  Screw,  and  anfwers  to  a  wheel,  having  59  teeth, 
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this  fecond  wheel  will  be  once  turn’d  about  in  29  days  and 
_l  which  is  the  period,  or  circuit,  of  the  Moon,  ana  fo  of  the 
reft.  He  that  defires  more  concerning  the  Screw  may  coniult 

TJbahlus . 

I  fpeak  not  here  concerning  a  concave  Screw,  which  is  one 
among  Hydraulic  Engins,  and  which  properly  belongs  to  an 
inclined  plane;  the  benefit  of  a  Screw  are  thefe.  rhefirft  ad¬ 
vantage  is,  that  the  motion  of  the  weight  is  more  dimimfht  by 
one  foiral  line ,  than  by  many  toothed  wheels.  Secondly, 
without  any  flay,  although  the  power  be  rehnqiuflit,  the 
weight  fcarcely  falls  back  again,  and  theiefoie  muft  remain 

where  it  is 

The  more  Helices  there  are  in  a  Screw,  and  the  more  ob¬ 
lique,  and  the  longer  that  the  handle  is,  theeafier  the  weight 
is  moved;  arid  in  a  concave  Cylinder,  for  the  mother  J  tic 
more  Helices  there  are,  the  lefs  the  Screw  foffers  for  when 
there  are  many  Helices,  the  weight  is  diftnbuted  in  them, , 

which  would  prefs,  or  lye  on  one  only,  .  .  , 

Fk.  8  r.  To  this  Engin  we  may  refer  a  certain  invention  ob¬ 
vious  enough,  which  we  do  not  ufe  to  increafe  the  force  of 
power  in  01  der  to  motion,  but  only  to  luftam  a  weigtit,  rot 
if  about  any  Cylinder  there  be  made  a  hollow  fpire  about 
w'hich  a  rope  is  turn’d,  it  you  hold  the  tope  but  (lightly,  01 
prefs  it  again  the  Cylinder,  the  weight,  although  1C  be  gieat, 
will  be  ftayeel  by  the  Ropes,  being  adjoin  d  to  the  Cylinder; 
Thefe  Channellings,  or  Hollowing',  are  ufeful  it  any  one  be 
minded  to  defcend  from  a  high  Tower  without  danger,  and..; 
that  fwiftly,  or  (lowly,  according  to  pleafure. 

Awgers,  Wimbles,  and  Piercers,  are  referred  to  the  Screw, 
which  enter  the  eafier.  by  being  made  fharp  in  the  naruie  of 
a  Screw,  as  experience  teaches,  in  great  Awgeis,  with  which 
Pipes  are  b oared  to  convey  Water  from  Fountains,  becauie  its 
apex  represents  the  figure  of  a  Screw,  which  of  its  own  accord 
enters  the  Wood  fo  that  there  is  but  little  need  of  Force. 
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A L though  the  Wedge  be  a  Ample  Inftrument,  and  there¬ 
fore  of  feme,  is  fcarcely  alcribed  to  the  number  of 
Engins,  neverthelefs  it  is  of  Each  force,  that  defer vediy  it  finds 
a  place  here. 

The  Wedge  is  a  triangular  Prifme,  whofe  two  rectangles 
end  in  a  common  right  line.  &  ’ 

And  that  it  may  be  ufeful,  it  ought  to  be  made  of  folid 
matter,  as  of  Iron,  or  Wood,  and  fuch  like. 

is  in  the  cleaving  of  Wood,  parting  of  Stones,  and 
dividing  other  bodies  that  may  be  cleft,  or  cloven  ;  a  flit  bein^ 
made  in  the  body,  the  edge  of  the  Wedge  is  thruft  in,  and 
and  a  ftrong  percuflion  being  added,  forces  in  the  Wedge. 

.n«  . .  wa  —  , 

•  e  ^'n  . 1  . .  ii  ~ - T-in 

VROV  OS.  I. 

.  j  A  Theorem. 


Fil-  Sd-  TVvers  reafons  are  alledg’d  for  the  force  of  the 
AJr  Wedge,  and  firft  from  Arifiotk-,  in  Qaeftion  ,7 
is  recalled  to  a  double  Leaver  of  the  firlt  kind,  in 
to  wic,  let  tne  W  edge  be  A  BC,  Arijlotle  under- 

ftands 


the  Wedge 
this  inanne. 
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{lands  the  line  A  B,  as  a  Leaver  of  the  firft  kind,  whofe  prop 
is  D,  the  power  in  A,  and  the  weight  in  B,  to  wit,  in  the 
■end,  or  culp.of  the  Wedge :  In  like  manner  let  B  C  be  ano¬ 
ther  Leaver,  whofe  prop  is  in  E,  the  power  in  C,  the  weight 
in  8.  '  ^  1 

Notwithflanding,  this  explication  is  altogether  contrary  to 
the  proportion  of  the  Leaver ;  for  by  how  much  greater  the 
diftance  is  of  the  power  from  the  prop,  the  greater  is  the 
force  of  the  power,  in  other  like  cafes  5  but  in  this  cafe  it  is  not 
fo,  for  if  the  Wedge  be  made  fhorter,  and  the  powder  be  in 
K  L,  and  not  in  A,  neverthelefs  the  force  of  the  Wedge  will 
be  the  fame :  I  fay,  the  fame  of  the  leaver  C  B. 

The  fecond  isfalfe,  that  the  Wedge  touches  the  Body  to  be 
divided  with  its  point,  Or  edge,  becaufe,  that  for  the  molt 
part  the  extreams  D  and  E  only  touch  5  neither  when  we  mea- 
lure  the  force  of  the  Wedge,  do  we  regard  the  proportion 
which  is  found  between  A  D  and  D  B,  but  how  much  the 
/harper  the  Wedge  is,  or  the  Idler  angle  it  contains,  the  eafier 
it  divides. 

Whence  Ubaldus  in  his  Mechanicks  imagines,  that  if  the 
Wedge  be  recalled  to  a  Leaver,  his  to  be  explicated  by  a 
double  Leaver  of  the  fecond  kind,  whole  common  prop  is  in 
the  edge,  or  point  B,  the  power  in  A  and  C,  but  the  feme 
inflances  occur  as  before  5  I  add  moreover,  that  a  Wedge  may 
want  a  point,  and  neverthelefs  be  as  apt  to  divide  asTt  was 
before  5  fo  that  the  inclination  of  the  planes  remains  the 
fame,  touching  in  the  points  in  which  the  body  is  to  be  cleft. 

Fig,  $7.  Wherefore  others  recal  the  Wedge  to  an  inclined 
plane,  as  if  the  body  to  be  lifted  up  be  A,  under  which  the 
Wedge  B  is  laid,  that  body  being  moved  upon  an  inclined 
plane,  for  ’tis  all  one,  whether  the  body  be  drawn  upon  the 
plane,  or  the  plane  move  under  it,  for  to  afcend  his  thought 
the  feme  5  therefore  there  are  in  the  Wedge  two  inclined 
planes.  This  confederation  is  not  abfurd,  neverthelefs,  I  con¬ 
tend  that  the  whole  difficulty  remains,  to  yvit,  that  the  whole 
dodtrine  of  inclined  planes  is  alike  hard,  labouring  under  the 
fame  principle,  wherefore 

I  fay,  The  reafon  why  the  forces  of  the  power  are  increafed 
by  the  Wedge,  is,  becaufe  the  power  is  moved  much,  and 
the  weight  but  little,  or  the  greater  motion  of  the  power  is 
compared  with  the  iefler  motion  of  the  weight,  andarejoyiTd 
together.  P  Which 
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Which  I  fhallfliew,  as  in  the  Fig.  86 .  let  the  Wedge  ABC 
be  very  Diarp,  which  by  one  or  more  percufTions  runs  into  the 
wood,  the  {pace  B  F,  in  the  mean  while  that  the  parts,  of  the 
wood  are  feparated  from  one  another  according  to  the 
fpace  D  E  j  if  the  Wedge  contain  an  angle  lefs  than 
60  degrees,  B  F  will  be  greater  than  D  E,  and  the  power  is 
moved  according  to  the  line  B  F,  and  the  weight  according 
to  the  line  D  E,  wherefore  feduding  percuflian  which  way 
foever,  if  the  power  Amply  im^el  the  Wedge,  its  forces  are 
increafed,  according  to  the  proportion  of  the  line  B  F  to  the 


line  D  E. 


P  ROP  OS.  II. 


The  jharger  the  Wedges  arey  the  greater  force  they 

add  to  the  power. 


Et  there  be  any  i  Wedges,  whereof  one  is  more  acute  than 


Lf  the  other  3  I  fay,  that  which  is  mod  acute,  confers  the 
greater  force  to  the  power  j  for  by  how  much  the  motion  of 
the  power,  is  greater  than  the  motion  of  the  weight,  it  hath 
greater  force  in  refpedt  to  that  weight.  But  a  more  fharp 
Wedge  isfuch,  that  it  requires  a  greater  motion  of  the  power 
in  re(pe£i  to  the  motion  of  the  weight,  for  in  two  triangles, 
having  an  equal  bafe,  that  which  hath  the  angle  oppolite  to 
the  bafe  mod  acute,  will  have  the  longed  Ade  :  But  in  the 
Wedge,  the  bafe  meafures  the  motion  of  the  weight,  and  the 
Ade  the  motion  of  the  power,  therefore  Wedges  mod  acute  are 
mod  powerful. 


Corollary. 


A  Wedge  whofe  angle  is  greater  than  an  angle  of  6c  de¬ 
grees,  rather  decreafes  than  increafes  the  force  of  a  power. 


P  ROP  OS. 
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PROP  os.  in 

A  Theorem. 

Divers  hinds  of  Wedges. 

ALmoft  all  Inkruments  which  Artificers  ufe  to  divide,  or 
cut  with,  are  recall’d  to  the  Wedge,  as  all  fort  of  edge 
tools,  Swords,  Pen-knives,  Nails,  Axes,  Hatchets,  are  Wedges, 
for  neither  is  it  elTential  to  a  Wedge,  that  the  percuflion  of  ano¬ 
ther  body  be  forced  between  the  body  to  be  divided,  for  it 
may  either  be  limply  imped'd,  or  from  a  force  conceived 
from  the  leading  motion  to  divide  it ;  Awgers,  and  Piercers 
contain  a  Wedge. 


Of  ^Percufion^  or  Smiteing. 

P  R  or  o  s.  iv. 

A  Theorem. 

Experiences  of  Per  cuff  on. 

I  B  eing  in  company,  fome  years  ago,  with  my  Ingenious 
friends  Mr.  Bankes,  the  King’s  Maker  Carpenter,  and  Mr. 
Morris  Emmet,  the  King’s  Maker  Bricklayer,  knee  deceafed, 
among  other  things  that  pafs’d  in  our  difeourfe,  Mr.  Bankds 
was  pleafed  to  fay,  that  he  thought  there  could  be  no  reafon 
given  of  the  force  of  Percukion,  nor  no  comparing  the  pro¬ 
portion  of  weight  preffing  a  Nail,  or  fuch  like  thing,  entred 
in  a  board,  or  Timber,  to  a  blow  fmitten  on  the  fame  thing. 
Indeed  the  faying  was  very  difficult  and  abkrufe,  yet  i  remem¬ 
ber  I  told  him,  that  the  learned  and  Reverend  Dr.  Weltis,  and 

P  -  Cajjat 
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CaJJaius  had  writ  fomething  concerning  it,  and  alio  the  learn¬ 
ed  Dechales,  whole  principles  I  defign  to  follow. 

Arifiotles  19th  Qaeftion  touches  lightly  on  the  force  which 
is  produced  from  Percuffion  3  neverthelefs*  he  explicates  no¬ 
thing  further,  and  as  I  may  fay,  only  propofes  a  difficulty, 
to  wit,  that  although  a  great  weight  be  laid  upon  an  Ax  or 
Wedge,  yet  it  conduces  little  or  nothing  to  cleaving,  but  that 
a  blow  fmitten  with  great  velocity,  affe&  much.  Then  he 
feeks  how  much  gravity  this  motion  adds  3  to  the  better  un-  - 
derftanding  whereof,  in  the  firft  place,  I  fhail  refer  to  expe¬ 
rience. 

The  Firft  Experience  then  fhail  be,  that  that  Percuffion  is, 
greateft,  whofe  motion  is  fwifteft,  from  whatfoever  caufe  the 
fame  motion  proceeds,  whether  it  be  circular,  or  right,  *tis 
little  different.  From  whence  it  comes  to  pafs,  that  a  Ham¬ 
mer,  or  Mallet,  furnifht  with  a  longer  handle,  makes  a  {Iron- 
ger  blow,  becaufe  that  power  can  imprefs  a  fwifter  motion, 
for  if  it  be  moved  with  equal  velocity,  whether  it  be  furnifht 
with  a  longer  or  fhorter  handle,  the  percuffion  would  be 
equal  3  alfo  thence  I  think  may  be  concluded,  that  lading  mo¬ 
tion  adds  nothing  to  percuffion,  unlefs  there  were  a  difpoiltion 
to  fwifter  motion.  And  therefore,  if  the  Hammer  fhould  be 
moved  equally  about  Tome  Center,  it  Would  not  finite  ftron- 
ger  after  a  lading  motion  than  after  fome  fhort  motion.  Alfo 
ffis  clear,  that  when  fomething  is  fmote  with  a  Staff,  or  a 
Sword,  the  ftroke  is  ftronger  about  the  end,  becaufe  then  the 
ftaff  is  moved  about  thehand,  as  about  a  centre,  whence  the 
motion  is  ftronger  about  the  end,  I  fay  about  the  end,  yet, 
not  in  the  end,  by.  reafon  of  another  proportion. 

Secondly,  A  greater  body  although  it  be  moved  with  equal 
velocity,  with  a  Idler,  produces,  notwithstanding  a  ftronger 
blow  3  for  his  certain,  while  two  bodies  of  the  fame  matter 
and  divers  magnitude  fall  from  on  high,  they  defcend  almoft 
with  equal  velocity,  fo  that  the  difference  is  very  fmall,  to  . 
wit,  fo  much  only  as  is  begat  in  the  refiftance  of  the  air  pro¬ 
portionally  in  the  leffer  body  to  the  greater,  neverthelefs,  the 
greater  body  impreffes  a  ftronger  blow,  which  effect  cannot . 
be  only  attributed  to  the  greater  gravity  3  for  let  there  be  a 
flake  ftuck  in  the  ground,  and  let  two  bodies  defcend  from  an 
equal  height,  one  of  100  pounds,  the  other  of  100  pounds, 
ffis  certain  that  there  will  be  a  ftronger  impreflion  from  the 

fecond 
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fecond,  which  cannot  be  attributed  only  to  the  gravity  limply 
taken,  ror  if  this  fecond  body  be  put  on  the  flake  and  gravitate 
on  it,  or  fhould  fail  on  it  from  on  high  ,  the  impreffion  from 
a  body  lefs  heavy,  would  not  be  fo  much  :  Therefore  a  heavy 
body  falling,  makes  a  greater  flroke  than  a  lighter  body,  and 
this  imprelllon  ought  not  to  be  attributed  only  to  the  greater  - 

gravity.  *  • 

The  Third  Experience.  While  a  body  is  moved  about  fame 
centre  for  a  continuance,  ’tis  eafier  ftopt  or  flay’d  if  you  lay 
hold  of  it  by  the  end,  than  by  any  other  part  nearer  the 
Centre,  which  is  to  be  underftood  if  it  be  hinder’d  before  the 
motion,  or  in  the  beginning  of  the  motion,  for  if  you  wait 
till  the  motion  be  engender’d,  it  will  be  otherwife.  And  the  . 
reafon  of  the  firfl,  is  obtain’d  from  the  proportion  of  the  lea¬ 
ver  ;  the  reafon  of  the  fecond  ought  to  be,  becaufe  the  mo¬ 
tion,  is  greater  in  the  end,  and  confecjuently  a  greater  impetus . 

is  acquired..  .  .  f 

The  Fourth  Experience.  The  flrongeft  blow  of  a  Sword  is  not:; 
about  the  point,  nor  as  feme  think  about  the  Centre  of  gra¬ 
vity,  but  between  the  point,  and  the  centre  of  gravity  3  yet  in  . 
general  ’tis  true,  that  a  body  that  is  moved,  having  the  great- 
eft  part  of  its  weight  about  the  end,  a  ftronger  blow  follows 
than  if  it  proceed  from  one  continuance,  wherefore  fome  make 
a,  little  channel  within  the  Sword,  and  include  Mercury  there¬ 
in,  which  conveys  the  force  of  percuffion  to  the  point,  and.; 
makes  the  flroke  ftronger.  Perhaps,  while  a  body  is  extended  . 
in  one  order,  ’tis  moved  more  difficultly,  and  therefore  its  ve¬ 
locity  is  not  fo  great,  and  confequently  its  flroke  not  fo 
ftrong. 

Fig.  S3.  The  Fifth  Experience.  While  a  body  imtteing  de¬ 
fends,  it  caufes  as  great  a  flroke,  if  only  one  part  of  it  fall  on 
the  fubie&ed  body,  as  if  the  whole  body  fell  on  it  3  that  is, 
if  1  equal  bodies  A  and  B,  fall  from  the  fame  height,  the  firfl 
whereof  ffmtes  the  flake  Cor.ly  with  fome  part  of  it,  but  .the 
other  according  to.its  whole  low.cft  fuperficie,  yet  an  equal  flroke 
follows,  which  I  have  found  by  experience,  that  I  might 
confute  the  opinion  of  fome,  efteeming  the  Air  fqueez’d  be¬ 
tween  the  2  bodies,  to  confer  much  to  the  blow,  yea,  they 
wiil  have  all  cutting  or  cleaving  to  be  from  air  included  with¬ 
in  the  Pores,  being  violently  impuifed  from  thef  dividing  body, 
for  they  will  have  air  to  be  moft  ffiarp,  and  confequently  molt 
apt  to  divide.  ~  Ii  O- 
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A  Theorem. 

*  *»  r  •»  ^  V  '  ‘  :  "  .ft  *  .  •  *  i  '  ..  f  7 

Divers  meafures  of  Percuflion. 

Fig.  8p.,'Tr'IS  hard  to  meafure  percuflion  that  is  made  by  a 
X  living  power,  lince  it  depends  on  force,  and 
free  and  voluntary  endeavour,  and  hath  the  proportion  of  the 
body  moving,  or  fmiteing,  for  although  a  greater  Hammer  ef¬ 
fects  a  wronger  blow  in  other  things  of  the  like  nature,  vet 
ii  it  be  not  fo  fwiftly  moved  becaufe  of  its  heavinefs,  the  per¬ 
cuflion  which  follows  is  the  weaker  :  Wherefore  ’tis  conve¬ 
nient  in  the  firft  place,  to  reduce  velocity  to  a  certain  mea- 
fure. 

Suppofe  then  a  Hammer  A  B,  whofe  whole  length  is  6  feet 
which  is  moved  by  a  man  to  fmite.  I  fay,  if  it  be  moved  e- 
qaally  with  the  fame  velocity  which  he  hath  in  himfelf  in  the 
inftant  of  percuflion,  and  in  the  fpace  of  one  fecond  minute 
ihall  make  4  circulations,  that  is  144.  feet,  fallowing  the  Pe¬ 
riphery  to  be  but  3  times  the  Diameter)  ;  If  the  fame  Ham¬ 
mer  fhould  fall  according  to  the  equality  of  the  force  of  o*ra_ 
vity,  and  accelaiation  of  heavy  bodies,  it  would  not  arrive  to 
accomplilh  144.  feet  in  5;  fecond  minutes,  and  it  Ifiould  fall 
from  an  altitude  of  423  feet. 

From  whence ’tis  concluded,  that  the  altitude  423  feet  is 
the  meafure  of  percuflion  made  by  the  man,  or  the  Hammer 
has  fo  much  velocity,  while  ’tis  fkongly  fmote,or  impelfd,  by 
the  man,  as  the  hammer  would  have  had,  if  it  had  fallen  fingly 
from  an  altitude  of  423  feet.  b  7 

I  have  been  willing  to  examine  the  calculation  made  by 
Me? j  emus,  but  could  never  find  it  anfwer  experience,  for  we 
often  ufe  a  Pendulum  of  3  feet,  one  fwinging,  or  flroke  1 whereof 
Is  precisely  equal  to  one  fecond  of  a  minute  3  and  we  have 
found  in  a  Semivibration,  or  in  the  fpace  of  ha  If  a  fecond, 
little  more  than  4  feet,  to  be  part  over  by  a  body  falling,  viz' 
about  4  feet  and  —  j  but  according  to  the  proportion  ob- 

ferved 
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fervedb yGalileus,  it  fhould  be  17  feet  in  one  fecond^  where' 
fore  in  the  fecond  fecond  it  will  be  5:1  feet,  in  the  third  fe- 
cond  it  will  fall  85,  in  the  fourth  ny,  in  the  fifth  153, 
which  being  all  added  together,  make  42  therefore  the 
blow  of  the  Hammer  ftruck  by  the  man,  is  equal  to  that 
which  is  made  by  the  fame  hammer  failing  425  feet ;  in  this 
fuppofition  the  fpace  which  is  paft  over  by  heavy  things,  de¬ 
fending,  is  reckon’d  to  proceed  according  to  the  feries  of  odd 
numbers. 

But  whatfoever  the  comparifon  be  of  the  Impetus,  or  force, 
produced  from  a  man  fmirei’ngjand  the  Impetus  produced  by  a 
weight  falling  •  ’tis  certain,  that  there  is  no  Impetus  produced 
from  a  man’s fmiteing,  to  which  there  cannot  another  be  gi¬ 
ven  equal  to  it  from  a  body  falling  :  But  hithertoo  the  whole 
difficulty  remains,  viz,,  how  we  may  meafure  the  acquired 
Impetus ,  from  a  tody  falling  from  a  determined  height ;  let 
therefore  a  hammer  weigh  r  pound,  driving  a  nail  at  one 
blow  (or  pefcullion )  one  inch,  whofe  force  is  equal  to  that 
which  it  would  have  if  it  fall  from  an  altitude  of  429  feet  ^ 
and  let  it  be  demanded  what  weight  being  only  laid  upon  the 
Nail,  will  force  it  in  one  inch,  but  that  weight  mult  be  mo¬ 
ved  equal  to  the  fpace,  to  wit,  it  mull  alfo  be  moved  one 
inch. 

Many  have  been  the  opinions  concerning  this  thing,  for 
fuppofe  a  hammer  of  1  pound,  and  1  foot  long,  and  let  it  be 
made  after  the  manner  of  a  Cylinder,  fome  think,  if  there- 
ifiould  be  a  Cylinder  made  of  the  fame  thicknefs,  viz;.  1  foot  j 
and  425  feet  long,  to  wir,  as  much  as  is  the  altitude  of  the 
fall,  which  is  equal  to  the  perculfion,  and  this  Cylinder  be  put 
upon  the  Nail,  it  will  force  the  nail  into  the  board  one  inch, 
neverthelefs,  I  fee  not  on  what  foundation  :  for  fuppofing  the 
hammer  to  be  half  the  length,  and  to  have  the  fame  gravity  , 
according  to  this  confideration,  it  requires  a  weight  doubly 
greater,  w'hich  is  abfurd,  therefore  fince  this  determination 
depends  on  the  thicknefs  of  the  hammer,  which  in  this  cafe 
hath  no  place,  for  neither  will  twro  hammers  of  divers  figures* 
and  the  fame  gravity,  have  divers  effects. 

Others  will  have  it,  that  a  hammer  of  roo  pounds  defend¬ 
ing  with  one  degree  of  velocity,  will  have  the  fame  force  as  a 
hammer  of  1  pound,  defending  with  a  velocity  as  ioo* 
which  I  eafilygrant;  But  hitherto  1  think  nothing  is  effected, 

neither 
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neither  is  there  had  fuch  a  meafure  as  we  require,  to  wit, 
fome  weight  to  which  percuffion  is  equal,  ora  weight  which 
is  moved  in  the  fame  manneras  a  nail,  although  it  drive  it  one 
inch. 


Mr.  Hobbs  reduces  all  percuffion  to  the  firft  endeavour  which 
the  weight  hath,  f  but  knows  not  whether  the  firft  endeavour 
given  be indivifrhle  and  determinate,  and  Wm  this  explication 
he  wraps  himfelf  inqueftions  of  continual  divifion/ 


P  ROVO  S.  VI. 
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SUppofe  a  hammer  of  i  pound,  and  let  it  be  of  any  figure, 
it  matters  not,  which  being  ftruclc  with  the  force  of  a 
man,  hath  the  fame  velocity,  as  if  it  had  defcended  42  5  feer, 
and  drove  a  nail  one  inch,  now ’tis  demanded  what  weight 
this  percuffion  is  equal  to :  And ’tis  certain,  that  a  weight  of 
one  pound  falling  41  y  .feet,  acquires  a  force  to  raife  1  pound 
4“  5  feet,  which  I  ffiew  in  any  Pendulum,  wherein  the  weight 
afcends  almoft  the  fame  as  it  defcends.  Therefore  this  per¬ 
cuffion  feems  to  be  in  equilibria  with  a  weight  of  one  pound,  in 
moving  through  425;  feet :  But  if  you  ask  what  weight  being 
moved  one  inch,  will  be  in  equilibria  with  a  weight  of  one 
pound, .  moved  42 y  ffier,  multiply  424  by  12,  it  makes  4100 
inches,  in  42 y  feet  y  I  fay,  if  a  weight  of  yioo  pounds  be  placed 
on  the  nail,  the  nail_  will  be  forced  in  one  inch  y  for  one 
pound  moved  yioo  inches,  is  in  equilibria  with  yioo  pounds 
moved  one  inch,  wherefore  the  percuffion  of  the  man  feems 
to  be  equal  to  yioo  pounds,  which  was  to  be  fhewn  y  never- 
thelefs,  there  is  a  doubting  in  this  calculation,  becaufe  that 
the  velocity  of  the  weight  afeending  ,  always  decreafes, 
wherefore  thefe  things  cannot  be  conftituted,  but  according  to 
the  do&rine  delivered  of  heavy  bodies  falling. 
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PROP  OS,  VII. 


A  Theorem. 

*'}  ■  v  r  ■'  •  *  *  '•  H  ;  ^  *\  V  ; 

The  quantity  being  given  of  a  flake  ^  or  nail \  driven  into 
any  body  by  a  determined  weighty  from  a  determined 
height  j  to  find  a  weight  which  will  perform  the  fame 
from  any  other  height . 


Fig.  90.  T  Et  the  weight  A  be  100  pounds  falling  from  ro 
JLj  feet  high,  and  driving  the  nail  B  one  inch,  a 
weight  is  required,  which  falling  from  40  feet  high,  will  per¬ 
form  the  fame  effect ;  I  fay,  it  requires  a  weight  of  $o  pounds. 

The  Demonftration .  The  fame  effedt  is  produced,  if  the  quantity 
pf  motion  be  the  fame  in  both  cafes :  But  the  quantity  of  motion 
is  the  fame,  for  a  heavy  body  falling  from  an  altitude  qua¬ 
druple,  or  fourfold^  hath  double  velocity  of  that  which  it  had  : 
But  ioo  pound  movable  with  one  degree  of  velocity,  and  ^o 
as  movable  by  2  degrees  of  velocity,"  have  the  fame  parts  of 
motion  :  Therefore  they  feem  to  have  the  fame  effect  3  ne- 
verthelefs,  there  remains  a  difficulty  which  is  begat  from  the 
reflexion  of  bodies^  which  belongs  to  the  velocity  of  heavy 
rhings  defending.  - 
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To  make  divers  lands  of  compound  Engins^ 

tK  '  1  ‘  '  '  ./i  (  i  .♦  »  :•  >Vr  ’’  1  i  { J  4  i  $ 

B Elides  the  fingle  kind  of  Engins before  mentioned,  to  wit, 
the  Bailance,  the  Leaver,  the  Wheel,  the  Pulley,  the 
Wedge,  the  Screw,  there  maybe  made  many  other  "com¬ 
pound  Engins,  fame  of  which  V/e  will  deferihe,  that  fo  not 
only  their  great  forces  may  appear,  but  alfo  that  any  one  may 

perceive 
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perceive  a  ready  way  of  making  Engins  for  any  occafion,  and 
accommodate  then*  to  their  ufe. 


Mechanic!?  Powers. 


BOOK.  VII. 


An  Rngin^  whereby  a  Wagoner  may  raife  his  Wagon , 
or  Cart ,  although  loaded  ;  algo  by  it ,  the  Woof  of  an 
Houfe ,  yea0  the  whole  Cafe  of  the  Houfe y  may  be 
raifed. 


91 


o 


F  Iron,  or  other  folid  matter,  make  3  wheels, 
the  2  Idler  A  and  C,  and  the  other  greater 
B  ;  the  little  wheel  A  hath  five  teeth,  a  nek 
the  little  wheel  C  the  fame  ;  but  the  wheel  B  hath  20  teeth,., 
and  fo  is  fourfold  greater,  and  hath  one  common  axis  with  the. 
wheel  C,  alfo  make  of  the  fame  matter  a  firm  Prifme  D  E 
with  teeth,  defend  on  every  fide  all  the  cafe  of  wood  with 
Iron,  in  which  the  teeth  are  included,  the  upper,  part  being 
open,  fo  that  the  teeth  of  the  wheel  A,  lay  hold  of  the  teeth 
of  the  wheel  B,  and  the  teeth  of  the  wheel  C,  lay  hold  of. 
the  teeth  of  the  Prifme  D  E  :  But  the  axis  of  the  wheel  A 
Hands  out  without  the  fide  of  the  cafe,  and  is  turn’d  by  the 
handle  G  F  H,  and  with  the  handle  the  little  wheel  A  is  turn’d, 
which  turns  the  wheel  B  and  C,  and  the  teeth  of  the  wheel 
C,  running  into  the  teeth  of  the  Prifme  D  E,  they  move  it  up¬ 
ward,  until  the  M  tooth  near  E,  be  in  the  region  of  the 

wheel 
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wheel  C  ;  if  now  D  on  the  top  be  made  hollow,  or  E  on  the 
fide  of  the  Cafe  flicking  out,  be  put  under  the  Waggon,  or 
other  weight,  and  the  wheels  being  turn’d  the  Pnlme  af- 
cends,  and  going  forth  of  the  Cafe,  forces  the  weight  up¬ 
wards  j  and  if  the  wheels  are  turned  the  contrary  way,  the 
weight  defcends  likewife. 

If  to  this  Engin  you  add  a  leaver,  one  end  whereof  being 
put  under  the  hollowing  D  or  E,  and  the  other  end  of  the 
leaver  lean,  or  flay  on  the  Earth ,  and  that  part  of  the 
leaver,  next  the  earth,  be  put  under  the  Waggon,  or  other 
weight,  and  then  turn  the  wheels,  it  will  make  a  compound 
En»in  much  ftronger,  which  you  muft  note  carefully,  for  in  ¬ 
deed  many  Engins  by  addition  of  the  like  leaver  are  much 

helpt.  ,  i  .  . 


Engin.  II. 

To  raife  a  Vaft  weight  with  an  Engin  compounded  of  a 
'Pulley  J  Axis  in  Peritrochio  ,  and  a  perpetual 

Screw. 


Fk  91.  TV  X  Ake  the  Cylinder  C  D,  in  the  middle  whereof 
*  ’  JV1  make  4  or  5  Spires  of  a  Screw,  which  while 

the  handle  E  F  with  the  Cylinder  is  turn’d  about,  the  Spires 
infold  themfelves  with  the  teeth  of  the  wheel  B,  and  turn  it 
about •  And  while  the  wheel  B  is  turn’d  round,  the  rope 
B  G  H  drawn  about  the  Pulleys  G  and  H,  is  wound  about  its 
Axis  •  Bv  this  means,  we  may  with  great  eafe  raife  any  great 
weight  by  the  power  F.  I  have  caufed  the  like  Engin  to  oe 
made,  by  whofe  means,  I  did  move  a  Milftone  with  fo  little 
refiftance,  that  with  a  fmall  Silken  Thred,  faftned  to  the 
handle  F,  and  pull’d  by  the  hand,  I  have  turn  d  about  the 
Screw,  and  taken  it  up,  being  the  weight  of  a 00  pounds 
and  not  broke  the  thread.  And  if  inftead  of  the  handle  E  F 
vou  fit  a  wheel  furniflit  with  little  boards,  this  being  turn  d 
about  with  the  breath  of  the  mouth,  will  raife  the  Mill-ftone. 


Engin 
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Engin.  III. 


To  take  up  a  Miljlone  with  an  Engine  wrought  fry  the 

Smoal ^  of  a  Lamp, 


Fig .  93.hT"'His  Engine  is  admirable  to  the  Beholders,  to  fee 
X  it  raife  a  weight  of  1 50  pounds  3  it  is  altogether 
like  the  precedent,  but  that  it  hath  a  pair  of  toothed  wheels 
between  the  Screw  A,  and  the  Pulleys,  the  fir  ft  of  them  is  im¬ 
mediately  moved  by  the  Screw,  and  the  fecond  is  moved  by 
the  firft,  and  about  its  Axis  the  Rope  turns,  round.  3  and  that 
the  Smoak  of  the  Lamp  may  fupply  the  force  of  the  moving 
power,  the  centre  of  the  wheel  B  C  is  firmly  put  into  the  Ax¬ 
is  D  of  the  Screw,  whofe  Teeth  running  in  each  other*,  are* 
turn’d  round  by  the  Teeth  of  the  Wheel?  C  and  B,  fixt  to  the 
Axis  of  the  wheel  F  G,  parallel  to  the  Horizon  3  this  wheel 
is  fo  made  of  a  thin  Iron  plate  tinned  over,  that  the  whole 
plane  of  the  Horizontal  wheel  confiding  of  the  thin  plate,  is 
cut  through  with  Channellings,  and  way  for  the  Smoak  to 
pafs,  in  fuch  manner,  that  while  the  Smoak  of  the  fuppofed 
Lamp  L,  pafles  through  by  the  oblique  openings  of  the  plate, 
it  turns  about  the  wheel  hung  to  the  Glaffey  cover  H,  upon* 
the  point  of  a  Needle,  and  fo  poifed,  that  it  may  turn  round 
eafily  3  and  if  one  Lamp  doth  not  fuffice,  2  or  3 ,  or  more  may  be 
added:  Alfo.  there  may  be  more  wheels  chan  the  forefaid  two, 
and  more  little  wheels  of  Pulleys.  My  Engine  which  performs 
the  forefaid  effeSt,  confifts  of  eight  Wheels  and  Pulleys  alto¬ 
gether,  -  •  ' 
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Bngin..  IV. 

By  whofe  means  a  mighty  weight  is  continually  raifedy  * 
although  the  Power  he  not  continually  applied^  hut 
now  and  then  a  little  impulfe  prefjes  it  on  hy  it  its  own 
endeavour . 


94' 


Fply  an  Iron,  or  Stone  Globe  for  Ball)  of  a  great- 
magnitude  and  weight,  to  a  (pear  of  Iron,  or 
Wood  C  D,  and  let  the  Globe  be  vibrated  together  with  the 
Spear  about  the  Poles  A  and  B,  moreover  let  there  be  fome  pretty 
little  arm  EFL,  fixt  fomewhere  about  the  middle  of  the  lit¬ 
tle  Axis,  or  Pin  K,  but  movable  without  any  refinance;  join  to 
this  in,  F  a  crook  F  G  turning  eafily  in  F,  let  the  end  E,  of  the 
little  Arm,  be  made  like  the  point  of  a  Sword,  or  Knife,  for 
little  tongue  )  which  may  touch  the  Spear,  being  perpendicu¬ 
lar  j  then  that  part  of  the  Spear  which  touches  the  little  tongue, 
mud  be  made  fharp  in  the  fame  form,  and  extended  fo,  that 
the  little  tongues  refpeft  and  touch  each  other. 

Then  the.  Globe  being  thruft  with  force,  or  being  elevated, 
and  falling  again  by  its  weight,  mightily  effe&s  the  Vibrations 
by  going  and  coming  back,  and  each  part  of  the  Spear  made 
fharp  in  E,  hitting  againft  the  little  tongue  of  tile  arm,  forces 
the  pin  F  G  towards  G,  which  by  that  means,  ever  andanon, 
lays  hold  on  new  Teeth  of  the  Wheel  H,  and  turns  round  the 
Wheel,  which  Cannot  be  turn’d  back  again,  being  hundred  by 
the  pin  P,  endeavouring  the  contrary.  Another  little  Wheel 
being  annexe  to  .the  Axis  of  the  wheel  H,  turns  the  Wheel  I, 
about  whole  Axis  the  Rope  of  the  Pulleys  L.M  being  turn’d, 
takes  up  the  weight  N,  being'  faftded  to  tjhe  lowed  Pulley,  y, 
wherefore,  if  after  the  perpendicular  (lands  dill,  and  moves  no 
longer,  it  be  again  raifed  from  the  centre  and  let  down,  its 
vibrations  will  effect  In  the  fame  manner  as  before  for  fome 
time,  railing  the  weight  in  the  mean  while,  although  no  pow¬ 
er  be  applied,  fo  that  the  weight  leans  to  afeend  of  it  falf. 
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Note,  That  you  may  add  one  or  two  wheels  to  the  wheel 
I, 'that  the  weight  may  be  taken  up  the  ealier,  and  lefs  refill 
the  motion  of  the  perpendicular y  moreover  in  (lead  of  the 
Pulleys,  you  may  ufe  a  Leaver,  or  a  perpetual  Leaver,  with 
Axis  in  Peritrochio ,  ire.  'Thirdly,  the  longer  the  Spear  is,  and 
the  heavier  the  Globe  is,  the  longer  the  motion  of  the  perpen¬ 
dicular  endures.  Fourthly,  the  tipper  part  of  the  little  Arm  E, 
doth  indeed  endeavour  downwards  by  its '"weight,  but  with 
fo  (mail  endeavour,  that  his  ealily  moved  by  the  Spear ;  the 
fame  end  being  but  little  inclined,  fo  that  a  fmall  part  of  the 
little  tongue  be  touched  by  the  edge  of  the  Spear  j  and  fo  alfo 
ithe  wheel  El  ought  to  confift  of  fmallfaw  teeth,  otherwife  the 
force  of  the  perpendicular  will  be  too  much  allayed.  Fifthly , 
?Tis  better,  that  only  the  upper  part  C  F  ol  the  Spear  be  folid, 
•and  the  remaining  part  F  D  be  of  a  little  chain  flexible. 

This  Engin  if  it  be  ingenioufly  made,  effefts  very  well,  and 
caufes  admiration  in  thofe  that  (land  by  :  Befides,  if  the  pow¬ 
er  be  continually  applied  to  the  5pear,  or  to  the  perpendicu¬ 
lar  in  D,  which  will  move  it  of  its  own  accord,  a  vaft  weight 
may  be  taken  up  with  very  little  labour  ;  and  although  the 
Globe  D  be  very  heavy,  yet  becaufe  it  hangs  freely,  it  is  ealily 
moved.  In  this  cafe  there  is  no  need  to  make  ufe  of  the 
Tittle  arm  E  F  L,  but  kis  fufficient  that  the  Axis  A  B  of  the 
perpendicular  be  extended  to  and  there  be  fitted  with  a 

little  iron  hopk,  or  catch,  which  may  lay  hold  on  the  teeth 
of  the  wheel  QJG  Or  the  little  arm  F  G  may  be  joyned  to 
the  Spear  C  D  in  E,  and  move  the  Pendulum  with  an  oppo¬ 
site  motion,  to  wit,  from  F  towards  G :  But  this  wheel  in 
this  cafe  ought  to  obtain  another  fite  than  before,  to  wit,  its 
plane  ought  to  be  parallel  to  the  line  of  motion,  which  the 
perpendicular  makes ;  and  its  teeth  ought  to  be  retain'd  by 
thekike  pin,  left  while  kis  free  from  the  Clafp,  or  Hook  Q^, 
It  return  to  the  oppdfite  part  3  likewife  the  whole  Spear  ought 
to  be  rigid,  or  hard.  Yea,  I  confidently  affirm,  fo  that  the 
fpear  which  hath  the  proportion  of  a  leaver  be  long  enough, 
a  vaft  weight  may  ealily  be  taken  up  by  one  man,  with  only 
the  wheel  QJE,  the  rope  being  turn'd  about  the  Axis  S  of  the 
wheel,  although  no  pulleys  be  added  •  for  the  leaver  hath 
great  force,  although  it  be  not  in  ufe  in  taking  up  weights, 
viz,,  becaufe  they  know  not  the  way  whereby  its  motion  may 
be  continued  5  but  we  have  found  the  precedent  which  is  al¬ 
together 
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together  ealie,  and  others  of  the  like  natine  may  be  inven- 
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For  let  the  leaver  be  A  B  C,  whofe  prop  is  in  B,  2nd  the 
power  in  A;  by  weighing  down,  or  depreliing  this  leaver,  its 
other  end  C  lays  hold  on  the  teeth  of  the  wheel  D  E,  arid- 
moves  it,  the  iron  Pin  G  hindering  it  to  go  back;  and  at  the  fame 
time  the  rope  E  F  being  turn’d  about  the  Axis  of  the  wheel 
takes  up  the  Weight  F;  but  the  prop  B  ought  to  be  fuinimt 
with  a  ring  above,  in  which  the  leaver  muft  be  put,  left  it  be 
eafily  moved  to  and  fro,  being  only  a  little  bent,  that  it,  may 

be  transferred  from  one  tooth  to  another  below  it. 

Some  things  to  be  obferved  in  the  compoftion  and  ule  of 
Machines,  or  Engins.  In  the  compoftion  and  ufe  of  the  Engins 
aforefaid,  and  of  others  of  the  like  nature,  fome  things  occur 

which  deferve  a  peculiar  obfervation. 

Firft,  ’Tis  to  be  noted,  that  fince  in  every  Engin,  that  part? 
which  is  next  to  the  weight,  feels  a  greater  im predion,  or  re¬ 
finance  of  the  ft  lid  weight,  and  alfo  ought  to  be  more  lollop 
firm,  and  ftr.ong  :  Example,  In  Axis  in  Teritrochio*,  or  a  toothed 
wheel  and  a  ferew,  it  will  be  convenient  fo  to  fit  them  toge¬ 
ther  that  the  weight  may  be  fuftain’d  immediately  from  the 
ferew,  and  the  wheels  applied  to  the  moving  power  3  and  the 
ferew  ought  to  be  of  more  folid  matter,  and  made  more  film, 
fince  in  toothed  wheels  they  cannot  be  made  fo  ftrong,  as  to 

fuftain  great  weight.  ,  ,  r  .  ur 

This  thing  is  of  great  moment,  and  therefore  to  be  obier- 
ved  diligently  in  ufe,  a  ferew,  and  alfo  pulleys  are  wont  to  be 
applied  immediately  to  a  weight,  for  although  a  pulley  leans 
to  be  lefs  firm  and  ftrong  to  luflain  a  burden,  becaule  that  the 
Axes  of  the  wheels  cannot  be  made  fo  thick  ;  notwithftanding 
each  of  them  bears  not  the  whole  weight,  even  as  neitbei  any 
one  rooe  that  is  drawrn,  but  it  is  in  a  manner  diftnbuted  to* 
every  one,  fo  that  from  all,  one  as  it  w7ere  makes  the  refinance 
fit  to  overcome  the  weight.  ;  ' '  . 

Secondly,  Tis  to  be  obferved,  that  fome  Engins  may  move 
„  weip-ht,  or  alfo  take  it  up  to  fome  height,  and  yet  notwith¬ 
ftanding  of  it  (elf  cannot  move  it  to  any  further  height.;  iuch. 
are  the  wedge  and  the  leaver,  the  fir  ft  ot  them  ferving  only  folk 
cleaving,  but  the  fecond,  if  it  be  immediately  applied  to  a 
weight,  ’tis  rnanifeli  that  it  can  rahe  it  but  a  little  height . 
Wherefore  as  need  requires,  it  behoves  us  to  uie  divers  kinds. 
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*of«  Engines  ;  but  if  toothed  wheels,  or  (crews,  immediately 
luftain  a  weight  in  the  fame  manner  that  we  have  declared 
above,  it  acquires  greater  force,  and  will  move  the  weight  to 
a  greater  height ;  alio  if  a  weight  be  immediately  faflned  to  a 
fcrew,  it  cannot  raife  it  to  a  greater  height  than  the  length 
of  the^  fcrew  :  wherefore  the  fcrew  hath  this  convenience 
that  his  firm  and  fit  to  fuflain  a  great  weight,  but  cannot 
take  up  a  weight.  very  high;  But  on  the  contrary  ,  the 
Pulley  and  Axis  in  Feritrochio  can  raife  any  weight  to  any 
height. 

Thirdly,  In  any  cafe  which  may  bepropofed,  refpedl  muff 
be  had  to  the  power,  together  with  the  weight  which  it 
nought  to  move,  drat  an  Engin  be  chofe  which  fatisfies  the  in¬ 
tended  end,  for  if  the  power  abound,  ’ris  in  vain  to  multiply, 
or  augment  the  Engin,  yea,  with  the  iofs  of  much  time  :  For 
as  much  as  the  more  the  Engin  is  compounded,  the  more 
time  is  heft owed  in  the  motion  of  the  weight:  On  the  con¬ 
trary,  it  may  happen,  that  fuch  an  Engin  may  be  chofe, 
by  ivhofe  means  the  weight  cannot  be  moved  by  the  power 
propofed,  or  not  without  a  great  deal  of  trouble.  Where- 
Tore  according  to  the  rule  (hewn  before  (to  wit,  die  power 
muff  be  increafed  in  the  .fame  proportion,  that  the  velocity  of 
the  motion  of  the  power,  hath  to  the  velocity  of  the  motion 
•of  the  weight)  Fir  if,  you  muff  oblerve  how  much  weight  the 
power  of  it  felf  can  raife,  or  move,  without  an  Engin,  then 
from  the  known  weight  which  is  propofed  ro  be  moved,  it 
will  <be  ea.fie  to  determine  what  kind  of  Engin  is  required- 
where  note,  refpebl  mull  be  had  to  the  proportion  of  the 
weight  of  the  Engin,  and  chiefly  to  the  refinance  of  it,  w  hich 
arjles  from  its  parts,  rubbing,  or  wearing,  againfl  each  other, 
for  there  are  fome  Engins  which  make  Email  refinance  to  the 
power,  as  Axis  in  Feritrochio ,  w?here  there  is  no  other  rubbin°* 
or  wearing,  but  in  its  two  Poles  5  alfo  the  leaver  makes  no  re^ 
fiflance  by  rubbing;  but  the  fcrew  becaufe  of  its  many  fpires 
refills  much,  and  efpecially  if  the  fpires  be  not  very  fmooth, 
and  the  convex,  and  the  concave  do  not  exa&ly  anfwer  each 
other ;  in  like  manner  the  Pulley,  the  more  wheels  if  con  fills 
of  the  more  motion  it  refills,  becaufe  of  the  multiplicity  of 
Axes,  ,  which  rub,  or  wear  the  Poles. 

Fourthly,  Obferve  in  any  Engin,  the  Wedge  excepted,  (of 
which  by  and  by)  another  Engin  may  be  joyned  to  encreafe 

its 
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Its  force,  fo  to  the  leaver  we  may  apply  Axis  in  Peritrochio , 
likewife  we  may  add  the  fame  to  the  Pulley.  Laftly,  We  in- 
creafe  the  force  of  the  leaver,  by  adding  the  Screw  :  Alfo  the 
head  of  the  leaver  may  be  elevated  by  the  Wedge,  yea,  ’ds 
oft-times  ufeful  to  lay  under  the  leaver  a  firm  and  folid  body, 
then  between  it  and  the  head  of  the  leaver,  the  Wedge  is 
thruft  and  drove  in. 

Fig.  95:.  Pulleys  are  not  wont  to  be  immediately  applied  to 
the  leaver,  for  although  the  rope  A  D  of  the  Pulleys  may  be 
faftned  to  the  leaver  C  E  in  D,  and  by  deprelling  the  head  of 
the  leaver  E  may  draw  downward,  notwithftanding,  becaufe 
this  motion  cannot  be  continued  any  further,  therefore  infiead 
of  the  leaver,  Axis  in  Peritrochio  is  wont  to  be  ufed,  which 
hath  rhe  proportion  of  the  perpetual  leaver,  as  is  laid  above, 
for  the  fame  reafon  the  Screw  is  not  added  to  Pulleys  3  for 
although  this  may  draw  the  rope  a  little  more,  yet  the  weight 
is  thereby  only  but  little  raifed  3  wherefore  this  artifice  may 
be  ufeful  in  cafe  the  weight  were  to  be  raifed  but  little  from 
the  earth  3  laftly,  the  Wedge  can  in  no*  wife  help  the  Pulley 
being  immediately  applied. 

The  leaver  may  beneficially  be  added  to  the  Screw,  yea, 
without  the  Leaver,  the  Screw  is  not  wont  to  move,  as  is  obfey- 
ved  before,  it  may  alfo  ufefully  be  added  to  Axis  in  Peritrochio . 
Alfo  the  Screw  may  be  helpt  by  Pulleys,  but  they  are  feldom 
ufed,  and  the  motion  is  but  fmall,  as  appears  by  confederation. 
But  no  manner  of  force  is  acquired  from  the  Wedge,  fiuce  it 
is  not  applicable  to  it. 

The  Wedge  only  feems  not  to  acquire  force  by  means  of 
other  Engins,  for  kis  not  moved  by  the  force  of  any  Pulleys*, 
or  Cranes,  as  other  Engins  are,  but  only  by  perculiion  : 
Wherefore  that  the  Wedge  may  acquire  greater  force,  it  be¬ 
hoves  to  find  a  proportion,  whereby  a  greater  percuifion  ap¬ 
pears  3  and  this  alfo  may  better  be  done  by  other  Engins,  to 
wit,  if  fome  great  Iron  weight  made  in  the  fafhion  of  feme 
Hammer,  be  lifted  up  by  the  Engin,  and  then  falling  by  its 
weight  on  the  Wedge,  it  forces  it  in  3  but  efpecially  by 
the  Leaver  A  B,  whofe  Prop  is  C  3  if  to  the  end  A,  Fig.<j6, 
there  be  fitted  a  great  Iron  Hammer,  or  Beetle,  which 
being  elevated  by  the  turning  of  the  wheel  G  from  F  towaids  E, 
for  if  the  wheel  be  fitted  with  Pins,  while  thefeare  born  down, 
they  hit  againft  the  end  of  the  leaver  B,  and  together  with 
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that  deprelfing,  they  take  up  the  hammer  A,  which  by  its 
weight  falling  again  drives  the  Wedge  D  :  And  the  wheel 
G  may  be  moved  by  a  multiplied  proportion,  or  by  other 
wheels  annext  to  the  fame,  or  by  a  capftand,  or  any  other 
way  :  Commonly  in  Smiths  Workfhops  ’tis  moved  by  the 
force  of  water  falling  on  the  little  boards  of  another  greater 
wheel,  fixt  to  the  fame  Axis. 

Hence  it  appears,  by  what  artifice  Engins  are  to  be  coupled, 
or  pin’d  together,  and  what  is  to  be  obferved  in  their  com¬ 
bination,  or  complication,  according  as  there  is  need  of  grea¬ 
ter,  or  leffer  motion,  for  the  railing -of  heavier,  or  lighter 
weights. 


Engin  V. 


Mg..  97*  npHE  Capftands,  or  Windlaces,  which  obtains  a 
A  vertical  lire  are  of  great  ufe,  becaufe  that  they 
may  be  moved  only  by  Animals,  or  Cattel,  which  alone  pro¬ 
perly  and  vigoroufly  move  with  an  Horizontal  motion  3  ne- 
verthelefs,  it  hath  this  inconveniency,  that  one  weight  being 
raifed  up,  the  Engin  ought  to  be  turn’d  about  with  a  con¬ 
trary  motion,  and  fo  much  time  will  be  loft,  while  the  Horfe 
is  fitted  for  the  oppofite  part  3  therefore,  to  Ihun  this  incon¬ 
veniency,  let  the  Engin  be  compofed  of  two  windlaces  A  B, 
C  D  3  to  . the  Horizontal  one  of  them,  fallen  ropes  with  two 
Buckets  (as  for  example )  to  draw  water,  or  raife  another 
weight,  fo  that  while  one  Veffei  afcerds  full,  the  other  may 
defcend,  you  mu  ft  fit  to  the  Axis  of  the  fame  wind  lace,  two. 
toothed  wheels,  or  ty mpanes  G  and  H,  beneath  the  toothed 
wheels,  let  there  be  another  windlace  C  D,  furnifht  with  ano¬ 
ther  Tympane,  or  Horizontal  wheel  G  H,  w  hich  fuppofe  to 
lay  hold  on  the  wheel  G,  while  the  weight  E  is  railed,  and 
the  empty  veffei  F  defcend s  3  then  the  weight  E  being  raifed, 
move  forward  a  little  the  tympanes,  or  wheels  G  and  H,  to¬ 
wards  B,  that  the  tympane,  or  wheel  G,  may  forfake  the 
teeth  of  the  wheel,  and  thefe  may  be  implanted  to  the  other 
tympane, or  wheel  H,  which  may  eafily  be  done  feveral  ways 3 
tax  fo  the  windlace  A  B  will  be  turned  on  the  oppofite  parr, 
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and  while  the  weight  F  afcends,  the  veffel  E,  being  emptied 
in  the  mean  time,  will  defcend,  and  they  will  always  afcend 
and  defcend  alternately,  or  by  turns  3  alfo  if  the  power  (fuppofe 
a  horfo)  be  applied  to  the  end  I,  of  the  leaver  I  L,  it  will 
turn  about  to  the  fame  part  continually. 

Or  the  tympanes,  or  wheels  GH,  may  eafily  be  fitted,  io 
that  always  either  may  be  ingrafted  to  the  oppolite  teeth  or 
the  fame  wheel  C  3  but  neverthelefs,  they  muft  be  made 
movable  about  the  Axis  A  B,  yet  fo,  that  by  means  of  the  Fin, 
or  the  fmall  leaver,  N  and  M  may  eafily  be  joined  with  the 
Axis,  or  Wind  lace,  as  often  as  you  pleafe,  for  fo  by  alternate 
force  one  tympane  or  wheel,  which  fhail  be  firft  made  firm  in 
the  Axis,  by  help  of  the  leaver,  refiling  the  moving  wheels 
will  move  the  windlace,  and  take  up  the  weight,  while  the 
other  free  from  the  pin,  will  obey  the  moving  wheel  s  m  like 
manner,  as  if  it  were  not. 

But  if  you  would  apply  men  to  the  vertical  capftand,  or 
windlace,  fince  thefe  are  eafily  fitted  to  the  contrary  part,  al¬ 
ter  the  weight  is  railed,  yea,  they  may  commodiouily  turn 
about,  left  they  fhould  be  giddy  with  the  motion  aiways.onc 
way,  you  may  fit  a  double  veffel  to  draw  water  in  the  fame 
manner,  as  appears  in  Fig .  98. 

Moreover  a  windlace  in  a  vertical  fite,  if  it  be  fitted  either 
of  the  forefaid  ways,  it  will  much  better  perform  the  drebt, 
chan  a  wheel,  or  a  crane,  which  many  ufe  not  without  danger 
of  their  lives,  for  if  a  rope,  as  it  fometimes  happens,  fhould 
break,  thofe  which  turn  the  wheel,  from  the  great  force  pre¬ 
conceived,  are  thrown  out  of  the  wheel,  which  cannot  hap¬ 
pen  in  a  vertical  windlace. 

This  fame  windlace,  or  capfiand,  Seamen  ufe,  to  bring  in 
great  weights  into  their  Ships,  alfo  to  draw  up  their  Anchors  3 
in  which  Engin  this  is  to  be  noted,  that  becaufe  the  Cables  are 
fo  thick,  that  if  they  were  many  times  wound  about  the  wind¬ 
lace,  or  cylinder  A  B,  in  Fig.  99.  the  Engin  would  be  rendied 
ufelefs  3  therefore  they  only  receive  3  or  4  Spires  of  the  rope 
about  the  cylinder,  fo  that  while  one  end  of  it  C,  is  turn’d 
about  the  windlace,  the  ocher  end  D  is  thrown  away  3  and 
that  the  rope  fhould  always  confift  in  the  middle  of  the  cy-  * 
linder,  the  cylinder  muft  be  made  in  the  manner  of  a  Cone, 
broad,  or  thick  in  the  bottom,  as  you  fee  in  the  figure  3  and 
by  this  means  the  rope  will  always  be  kept  in  the  middle. 
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To  remote  a  Mountain or  heap  of  earthy  from  one 
place  to  another  ^ afily  and  opuickjy^ 

Fig.  i oo. '|  ET  the  Mountain,  or  Hill,  or  heap  of  Stones  be 
JL/»  A,  to  be  removed  to  the  place  Bg  to  fave  time 
in  going  and  returning  from  one  place  to  the  other,  as  alfo, 
that  the  motion  whereby  the  Earth,  or  Stones,  is  transferred 
from  A  to  B  may  be  fwift,  we  may  make  ufe  of  the  following 
induflry:  Ere&at  the  foot  of  the  Mountain,  or  in  its  middle, 
a  great  and  fol id  wooden  column,  or  piece  of  timber  CD?. 
and  ere6t  Each  another  in  B,  viz..  E  F,  affix  at  top  of  each 
piece,  or  column,  the  wheels  D  and  F,  and. make  hollow  each 
wheel  in  the  circumference*  and  put  about  them  a  great  drong 
rope,  extended  parallel  to  the  Horizon  But  if  the  didancc 
from  A  to  B  be  great,  lead:  the  rope  ffiould  be  too  much 
iiretchtor  bent,  raife  other  fuch  like  pieces,  or  columns  in  the 
middle,  with  their  wheels,  made  hollow  as  aforefaid  ,  to 
fudain  the  rope  parallel  to.  the  Horizon  *  on  the  rope  tlms 
doubled,  here  and  there  hang  baskets,  which  mud  be  fo  far 
didant  from  each  other,  that  they  hinder  nor  one  another  ;  and. 
the  ends  of  the  pieces  mud  be  fo  placed,  that  the  power  ap¬ 
plied  to  the  leavers  G  and  H,  may  be  turn’d  about  their. 
Centres  j  for  fo  the  whole  Rope  with  the  Baskets  hanging  on 
it, will  be  turn’d  about  fucceffivejy  :  Wherefore, if  men  keep  fil¬ 
ling  the  baskets  in  A,  and.;  others .  unload  them  in  B,  the. 
w  hole  hill  will  be  eafily  transferred  from  A  to  B. 

Where  Note,  That  the  greater  the  wheels  D  and  Fare,  the 
fwifter  the  rope  and  baskets  will  be  turned  about  :  Which  mo¬ 
tion  about  the  axis,  or  piece  of  timber  being  eafie,  may  beac- 
compliffit  by  means  of  ffiort  leavers,  that  fo  the  motion  of 
the  baskets  may  be  greater  than  the  motion  of  the  power 
about  the  piece  of  the  timber.  Befides  the  faving  of  labour 
and  the  gaining  of  time,  which  is  effected  by  this  Engin,  it 
hath  likewife  this  convenkncy,  that  if  between  the  two  places 
A  and  B,  there  fhould.be  a  river,  or  dream,  or  fuch  like  iiv 
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acceflible,  as  if  the  Earth  were  to  be  transferred  from  a  Mound, 
or  Hill,  to  the  next  adioining  Fields,  and  theie  were  a  large 
deep  Mote,  or  Ditch,  between  them,  you  could  fcarcely  ob- 
tain  your  defire  any  other  way. 
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draw  Water ,  or  Mineral  matter sy,  out  of  deep  Wells ,, 

or  Pits. 


Fiz.  1 0 1 . 

o 


E orge  Agricola  defcribes  five  divers  Engins,  in- 

_ _  vented  and  ufed  to  this  end,  in  his  6th  book; 

of  Minerals;  the.  firft  3  whereof  are.  wrought  by  men,  the 
other  two  are  turn’d  about  by  horfes,  in  all  of  them  he  ufes 
a  double  Bucket,  or  Basket,  one  of  which  being  empty  de- 
fcends,  while  the  other  being  full  israifed  up  ;  in  thefe  Engins, 
if  the  Pits  be  deep  there  is  this  inconveniency,  that  when  the 
double  rope  is  of  fuch  length,  as  the  depth  of  the  Well,  it  is 
necellary  that  it  be  turn’d  about  every  where  on  the  Axis  of 
the  wheel,  and  it  will  take  up  much  fpace  on  the  Axis,  and 
require  the  Axis  to  he  the  longer  5,  and  by  how  much  thicker 
fne  rope  is,  the  Axis  requires  to  be  the  fmaller  ;  whence  it. 
will  happen,  if  the  Well  be  not  broader  than  the  whole  fpace 
of  the  Axis,  on  which  the  rope  winds  about,  the  Buckets,  or 
Baskets,  will  hit  againft  the  fides  of  the  Well,  and  retard  the  . 
motion  ;  but  if  you.make.the  Axis  thicker,  there  will  be  few¬ 
er  circumvolutions  of  the  rope,  and  it  will  occupy  a  lefler 
part  of  the  Axis,  but  then  it  will  require  a  greater  force  of 
the  power  to  raife  the  weight,  or  wheels  much  greater,  to. 
which  the  immediate  power  is  applied,;  moreover,  that  which, 
makes  to  the  prefent  thing,  and  is  of  greater  moment,  is, 
that  the  motion  whereby  the  weights  afeend,  is_  for  the  mod: 
part  very  flow  ;  wherefore  we  will  defetibe  this  Engin,  by. 
whofe  help  the  weight  is  raifed  with  a  motion  doubly  Twitter; 
than  the  motion  of  the  power.  For  let,  there  be  a  wooden 
Cylinder  A  B,  cre&ed  perpendicularly,  turning  eafily  on  its 
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poles,  on  whofe  head  fit  a  little  wheel  A  equipped  with  fmall 
cylindrical  ftaves,  being  a  kind  of  cog  wheel,  but  in  the 
middle  let  it  be  fitted  with  a  leaver,  ora  double  one  C  C,  to 
which  the  power  is  to  be  applied  :  And  we  will  fuppofe  the 
power  any  way  applied  in  C,  the  circumvolution  of  this  Cy¬ 
linder  to  move  circularly  through  the  circumference  of  fix 
feet,  fo  that  four  turnings  round  fini  flies  24  feet  •  and  in  the 
fune  time  by  means  of  the  little  wheel  A,  the  wheel  DE  too 
fini  flies  a  circuit  by  only  one  turn  3  but  the  wheel  F  G  is 
tinned  fix  tm ns,-  or  times,  and  then  the  Axis  hi  I  is  moved 
quadruple  of  the  wheel  G,  to  wit,  it  makes  24  turns,  or 
circumvolutions  :  Wherefore,  if  the  Cylinder  I  H  (on  which 
the  rope  whereon  the  baskets  are  faftned  winds  about)  be  of 
inch  a  thicknefs,  that  in  its  going  round,  or  periphery,  his 
equal  to  2  feet,  the  basket  will  afeend  48  feet,  viz,,  by  a  mo¬ 
tion  doubly  fwifter  than  the  motion  of  the  power  applied 
in  C. 

Perhaps  feme  may  fay,  that  fo  many  multiplications  of 
wheels  is  not  neceffary,  if  fo  be  the  fame  proportion,  whereby 
the  velocity  of  the  motion  of  the  weight  increases,  or  of  .the 
baskets,  above  the  velocity  of  yhe  motion  of  the  power,  a 
greater  power  alfo  ought  to  be  applied  :  Wherefore,  when  the 
velocity  of  the  weight,  is  greater  than  the  velocity  of  the 
power,  it  may  be  obtained  by  means  of  one  wheel  only,  all 
the  reft  are  ufed  in  vain. 

I  anfwer,  that  is  true  indeed,  in  fpeaking  Mathematically  * 
but  Phyficaily,  and  in  Practice  the  thing  is  other- 
Fig-i 02.  wife,  which  may  be  feen  at  the  firft  view  3  for  if 
the  power  be  applied  immediately  to  the  Radius’s 
A,  13,  fo  that  it  move  the  Cylinder  C  D,  with  a  motion 
doubly  greater  than  the  motion  of  thofe  radius’s,  or  of  the 
power  itfelf,  the  power  is  more  tired  ;  but  lefs,  if  the  other 
wheels  aforefaid  come  between,  or  being  difpofed  in  any 
other  like  manner,  fo  that  the  circle  which  the  power  de- 
icribes  by  its  motion  be  greater  :  The  reafon  whereof  may 
be  twofold,  the  firft  is,  becaufe  when  in  this  circular  motion, 
the  power  being  applied  to  the  radius,  the  radius  hath  the 
proportion  of  a  perpetual  leaver,  and  the  leaver  as  is  faid  be¬ 
fore,  is  changed  in  each  point  of  the  Circle,  alfo  the  motion 
of  the  line  of  diredtion,  (that  is  to  fay,  according  to  which 
the  power  impreffes  the  force  to  the  leaver)  ought  continually 

to 
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to  change,  fnce  it  ought  always  to  be  perpendicular  to  the 
leaver  3  and  his  manifeft,  that  a  power  cannot  exactly  every 
moment  change  the  direction  of  its  force,  fo  that  any  force 
fhallbe  according  to  a  tangent  line  of  its  circle,  for  as  much 
as  force  recovers  by  turns,  fo  Impetus  impreffes  often  times  by 
turns,  that  therefore  the  whole  Impetus  cannot  be  guided  to 
divers  lines 3  therefore  fince  neceflarily  this  imperfection  of 
Impetus ,  fub lifts  in  every  animated  power  ( of  which  only  we 
are  here  fpeaking)  then  the  motion  will  be  the  eafier,  where 
the  power  fuftains  lead:  of  this  imperfection:  But  this  imper¬ 
fection  is  leffer,  if  the  motion  of  the  power  be  circular,  or 
the  motion  of  the  circle  be  greater  3  it  fo  be  in  a  greater 
circle,  the  deflexion  from  a  perpendicular  line,  or  tangent,  be 
always  leffer,  furely  in  going  about,  we  move  more  eaftly  by 
a  greater  circle,  than  by  a  lefs,  as  appears  manifeftly  in  the 
practice  of  horfes  going  about,  for  as  much  as  while  they  con¬ 
tinually  bend,  and  endeavour  to  make  a  new  line  of  motion, 
they  are  much  tired. 

The  fecond  reafon  is.  becaufe  as  appears  in  the  faid  Engin, 
Fig.  1 01.  the  morion  of  the  parrs  of  the  Engin  dec reafes,  even 
to  the  wheel  F,  which  is  again  moved  more  fwifr  by  the 
wheels  E  and  D,  and  alfo  effeCts  a  fwifter  motion  in  the  Axis 
I  H,  and  in  the  weight  bound  to  the  rope  :  For  from  this 
decreafe  of  fwiftnefs,  even  to  a  certain  limit  of  the  Engin, 
and  again  from  a  new  increafe,  even  to  the  end  of  the  fame 
Engin,  and  to  the  weight  it  felf,  it  comes  to  pafs,  that  the 
power  fuffers  the  lefs  re  (iff  a  nee:  I  fay,  the  fuccefllve  com- 
prdfion  of  the  parts  of  the  Engin,  or  the  endeavour  of  the 
Impetus  is  propagated  from  the  power  towards  the  ^  weight  3 
and  fince  the  motion  is  more  flow  about  the  middle  of  this 
Engin,  than  in  its  other  parts,  there,  after  a  certain  manner, 
is  the  refiftance  of  the  weight  gathered  together,  that  there™ 
fore  the  power  may  fuller  the  lefs  from  this  chiefly,  becaufe 
the  direction  of  Impetus  from  the  power  towards  the  weight 
often-times  coming unlookt  for  from  new  Impetus's ,  neceflarily 
piofecutes  its  Journey  towards  the  weighty  nor  cannot  retleCt  it 
towards  the  Power, 
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Fig.  io i.  Engin.  VIII. 

To  apply  a  wheel  to  the  precedent  Engin ,  and  to  others 
of  the  like  kind,  by  means  whereof  the  power  is  eafed. 

BEcaufe  the  Engin  laft  defcribed,  and  all  others  of  the  like 
nature,  for  the  mod  pare  require  the  power  to  be  fuffi- 
ciently  ftrong,  in  as  much  as  it  ought  to  produce  in  the  mo¬ 
vable,  a  fw liter  motion  than  the  motion  which  moves  it  ; 
therefore  no  Induftry  "mull  be  ommitted,  whereby  the  power 
may  by  fome  means  or  other  be  helpt,  or  lefs  tyred.  And 
that  will  bell:  be  done  by  adding  a  wheel  of  fome  heavy  matter, 

•  and  altogether  folid  to  the  Engin,  as  if  to  the  Axis  A  B  of  the 
precedent  Engin,  there  be  faftned  an  immovable  wheel  made 
of  Stone,  L  N,  parallel  to  the  Horizon  :  For  although  at  tu  ft 
light  it  Teems  rather  be  be  an  impediment,  neverthelefs,  it  ap¬ 
pears  by  experience  to  add  much  to  the  acceleration  of  the  mo¬ 
tion,  with  lefs  tyring  of  the  power;  for  if  it  be  exactly  in  Equi¬ 
libria,  fothat  the  Axis  pafs  precifely  through  the  Centre  of  gra¬ 
vity  of  the  Stone  Wheel,  it  will  refill  its  circular  motion 
little  or  nothing,  as  from  what  is  faid  may  be  eafily  gathered, 
and  as  it  clearly  appears  from  what  hath  been  faid  "of  circular 
motion  ;  but  from  another  original,  whence  once  it  hath  con¬ 
ceived  an  Impetus,  it  retains  it  Jong  in  it  feif,  and  the  more,  by 
how  much  the  heavier  it  is,  fo  that  for  fome  fpace  of  time  ir 
will  move  other  wheels  and  the  weight,  by  only  that  Impetus 
conceived  at  find,  without  any  new  impreffion  from  the  Power ; 
whence  it  happens,  that  although  the  power  ceafe  for  a  little, 
time  from  impreiling  a  new  Impetus,  or  at  lead  doth  not  ex¬ 
ert  its  force  always  uniformly,  or  producesan  unequal  Impetus ; 
neverthelefs  the  Impetus  conceived  by  that  wheel,  ceafesnotto 
propigate  further,  and  reduces  that  inequality,  or  deformity, 
to  fome  kind  of  uniformity  and  equality,  which  how  much 
’tisin  the  prefent  affair  may  eafily  be  collected  from  what  hath 
'been  faid  before. 

But  now  obferve,  this  kind  of  wheel  may  be  fitted  to  the 
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Engin  in  divers  parrs,  and  fundry  ways  3  and  fird,  as  to  char 
which  pertains  to  divers  parts  3  his  in  an  if  eft  in  the  Engin  now 
defcribed,  that  it  may  be  applied  either  to  the  Axis  or  Cylinder 
A  B,  or  to  the  Axis  E  N  of  the  fecond  wheel,  or  to  the  Axis 
F  G  (in  which  cafe  it  will  have  another  lire,  or  pofition,  i/i&. 
perpendicular  to  the  Horizon,  or  vertical;  or  ladly,  it  may  be 
placed  alfo  to  the  Axis  H  I :  Wherefore  his  quedionable  what 
place  it  ought  to  be  fixt,  to  perform  the  bell  cited.  I  fay, 
then  it  will  perform  the  bed  efleft,  if  it  be  placed  there  were 
the  greater  force  of  Impetus  is  gathered  together,  to  wit,  in 
that  part  of  the  Engin,  which  ought  to  move  mo(t  fwift  j  for 
fince  it  better  obtains  its  end  by  conceiving  a  greater  Impetus, 
andfince  by  reafon  of  more  gravity,  his  capable  of  more  Impe¬ 
tus, \is  plain  that  it  mud  be  placed  there,  where  the  grea teftiw- 
petus  is  conceived  :  From  hence  it  is  that  in  the  Engin  defcribed 
above,  his  better  placed  in  the  Axis  I  H,  than  in  the  Axis 
GF,  becaufe  that  is  moved  fwifted  :  And  better  in  the  Axis 
G  F,  than  in  the  Axis  A  B,  becaufe  while  the  Axis  G  F,  is 
turn’d  round  fix  times,  the  Axis  A  B  is  turned  only  4  times  3 
Lafily,  his  better  placed  in  the  Axis  AB,  than  in  the  Axis 
E  N,  fince  this  is  turned  flowed  of  all.  But  when  his  placed 
in  Engins,  whofe  parts  the  further  they  are  from  the  power, 
are  moved  flower  and  flower  as  fome  are,  this  wheel  w dll  be 
more  conveniently  placed  to  the  firfi  part  of  the  Engin,  to 
which  the  power  is  immediately  applied.  But  contrariwife 
in  thofe  Engins  in  which  the  motion  is  (wider,  the  more  the 
parts  are  diflant  from  the  Power,  the  wheel  mud  be  fitted  to 
hindmod  parts,  agreeing  with  the  more  remote  parts  from 
the  power. 

Alfo  obferve,  wherefoever  the  fbrefaid  w'heel  is  placed,  it 
ought  to  be  the  more  heavy,  by  how  much  flower  it  ought  to 
move  3  but  if  it  be  placed  where  it  moves  fwifrly,  a  le(s  pro¬ 
portion  of  weight  will  ferve  :  For  as  much  as  it  appears  from 
the  doftrine  of  circular  motion,  that  the  heavieft  wheels  main¬ 
tain  the  impred  Impetus  longed,  although  they  are  moved 
flower  than  the  wheels  that  are  lighter,  which  lighter  wheels, 
if  an  equal  Impetus  be  impred  they  move  (wider,  but  (boner 
part  with  or  loofe  the  Impetus. 

Moreover,  I  obferve,  and  I  propofe  it  as  a  new  invention 
in  this  matter  of  great  moment,  that  bis  pollible  by  means  of 
this  wheel,  to  promote  the  celerity  of  the  motion  much  in 
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the  movable,  or  thing  moved,  but  adds  but  little  to  the 
Fig.  103.  For  let  the  Power  be  applied  in  H,  which  moves- 


power. 


the  Axis  AB,  and  by  that  means  the  wheel  B  C,  the  wheel  D, 
and  at  la(l  by  the  help  of  this,  the  little  wheel  E,  with  the 
axis  E  I,  to  which  the  rope  is  faftned,  and  turn'd  about,  that 
takes  up  the  weight,  or  for  any  other  ufe.  In  this  Eag-ih  you  ■ 
fee  the  motion  always  accelerated  from  the  power  towards  the 
weight,  or  the  Extream  part  of  the  Engin  El:  If  therefore 
there  be  ingrafted  to  the  Axis  E  I,  a  wheel  of  an  indifferent 
weight,  but  yet  large  as  F  G,  this  from  what  hath  been  &id 
will  notably  promote  the  Celerity  of  the  motion,  fo  that  the 
fame  power  may  be  effect  afwifter  motion, ufing  only  the  fame 
power  with  this  wheel  than  without  It :  Now  therefore,  fince 
the  Impetus  once  conceived,  may  eafily  be  continued  by  this .. 
wheel,  fome  power  being  added  immediately  to  it,  which 
either  continually,  or  at  lead  now  and  then,  and  often  will 
renew7  that  conceived  Impetus:  Example,  a  rivulet  of  water 
falling  from  on  high,  on  the  little  boards,  or  rather  bucket  of 
this  wheel,  it  will  come  to  pafs,  that  how  little  foever  this 
impulfebe,  while  Otis  in  a  manner  continual,  or  at  lead  often, 
notwithftanding  being  added  to  the  impulfe  already  conceiv¬ 
ed  from  the  great  wheel  to  this  wheel;  and  fo  alfo  to  the  mov¬ 
able,  it  effetffs  the  Celerity. 

Secondly,  The  forefaid  wheel  may  be  placed  either  In  a 
perpendicular  axis,  fo  that  it  may  obtain  an  Horizontal  fi te,  as 
is  feen  in  the  foregoing  Figure^  or  in  an  Horizontal  axis,  fo 
that  it  may  obtain  a  vertical  fite  or  perpendicular  to  the  Hori¬ 
zon  r.  as  in  the  prefen t  Figure  :  And  although  in  order  to  mo¬ 
tion,  the  facility  differs  little,  which 'way  of  the  two  you. 
place  it  ;  notwithdanding,  I  efteem  it  more  neceffary  to  be 
placed  in  a  vertical  (ire,  beeaufe,  when  in  this  cafe,  the  axis 
to  which  his  applied  necdfarily  ought  to  be  Horizontal,  the. 
weight  It  fe  If  of  the  wheel  lies  on  two  Poles,  and  fo  being  di¬ 
vided  between  two,  each  Pole  Puffers  lefs  comprdfion,  and  the 
relidance  is  It  is  which  a  rifts  from  the  weaiing,  or  rubbing  of 
the  fame  Poles-:  But-  if  it  be  placed  on  a  perpendicular  axis, 
the  whole  weight  of  the  wheel  lies  on  one  Pole,  viz,,  the 
lowed*  it  may  Idem  to  retard  the  motion  of  the  other  wheels : 
NevcrtheldT  beeaufe  that  very  often  the  motion  of  the  axis 
is.  wont-  to  be  made  in  a  perpendicular  fite,  bearing  on  the. 
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middle  part  of  the  lower  Pole,  they  fharpen  it  fo,  that  the 
whole  weight  is  horn  on  a  (mail  part  of  the  Cavity,  that,  as  I 
have  faid,  therefore,  the  wheel  may  move  the  others  with  more 
cafe. 

Laftly,  The  feme  wheel,  of  which  we  are  (peaking,  may 
be  ufed  doubly  in  a  vertical  fte  :  Firft,  fo  that  it  Land  wholly 
bang’d  up  in  the  air,  and  equilibriated,  as  in  the  proceeding 
Engin.  Secondly,  So  that  it  infill  or  (land  on  the  fubjefted 
pavement,  and  turn’d  about  upon  it  j  in  which  cafe  it  hath 
alfo  more  force,  than  if  it  were  fufpended  wholly  in  fome 
axis :  But  the  Pavement  ought  to  be  made  level  and  plain,  and 
folid,  as  of  polifht  marble,  or  fuch  like  matter,  and  the  cir¬ 
cumference  of  the  wheel,  which  immediately  touches  the 
pavement,  ought  to  be  exactly  turned,  that  no  impediment 
retard  the  motion.  So  the  wheel  A  B  being  applied 
to  the  extream  part  of  the  leaver  CD,  to  which  Fig.  toy. 
leaver  in  like  manner,  apply  a  power  moving  the 
Cylinder,  or  Axis  D  E,  and  by  this  means,  the  wheel  E,  and 
oftentimes  other  wheels, for  while  the  Cylinder  is  turned  about 
by  the  Leaver,  the  Wheel  A  B,  roles  about  its  Leaver,  lean¬ 
ing  on  the  pavement,  and  from  a  double  motion,  to  wit,  one 
about  its  centre,  or  about  the  Leaver  C  D,  which  is  inftead 
of  an  Axis,  and  the  other  about  the  Cylinder  D  E,  while  if 
runs  out  from  B  to  F,  &c.  And  in  this  manner,  It  may  be  ap¬ 
plied  almoft  to  all  Engins,  but  efpecially,  to  thofe  with  which 
we  ufe  to  move  great  weights.  And  the  greater  this  Wheel 
is,  the  better  it  performs  the  effeft,  fo  that  the  weight  be  m 
proportion  co  the  po  wer  applied, 
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Engin.  IX. 


To  raife  the  Water  ofi  a  Fountain  always  flowing 
to  any  height 0  by  a  Voluntary  motion y  although  the 
height  be  greater  than  that  to  which  the  Water  de - 
fiends .. 


Fig.  105.  ^T^Hiis  Invention,  if  you  entertain  the  perperuaf 
A  motion,  eaftly  fecures  to  it  felf  the  chiefeff 
place :  For  ’tis  eafie  to  draw  Water  by  a  voluntary  motion, 
to  a  greater  height  than  is  that  from  whence  the  Water  of  the. 
fame  fountain  defcends,  as  is  manifeft  in  Spirital  Engjns,  but 
to  give  it  a  continual  motion,  that  it /hail  never  require  the 
hand  of  a  man,  this  without  doubt  deferves  great  praife. 

This  Engin  contains  two  buckets,  filing  them  from  the. 
fountain,  of  which  while  one  afcends  the  other  defcends  con¬ 
tinually,  without  any  labour,  and  ferves  the  Water  for  Do- 
meftick  ufe  3  therefore  to  make  the  Water  afcend  to  a  fpace 
doubly  greater, than  is  the  fpace  of  theWater  defending, it  mufl 
be  difpofed  in  this,  manner,  as.  is-  reprefenteddn  the  Scheme, 


A  Is  a.VdfeL,  or  lefler  Bucket  which  afcendt  th,  this  being 
full,  weighs  Ids  than  the  Bucket  M  being  full,  which  defcends  3 
but  being  empty  that  weighs  more  than  this  when  empty  3 
Hence  his,  that  while  both  are  filed  together  from  the  veffel 
S,  the  Bucket M  defcends,  and  by  its  weight  draws  the  Buck¬ 
et  A  up :  But  on  the  contrary,  while  both  together  are  emp¬ 
tied,  the  Bucket  A  defcends,  and  by  its  weight  draws  up  the 
Bucket  M.. 


•  B,  Flaps  to  keep  the  Water  in,  tyed  with  a  ft  ring  to  the 
leaver  D,  this  leaver  D  turning  eafily  about  the  Axis  C  crofs- 
vme,  while  the  Bucket  is  railed  up  on  high,  hits  againft  the 
piece  o t  timber  Z  Z,  and  opens  the  flap  B,  and  gives  way  for 
the  Water  topals  through  the  little  Pipe  E  into  the  Veflei  X. 
The  laid  flap  B  being  iomewhat  large,  w  hereby  the  bucket 
may  be  emptied,  the  (boner  3  make,  the  bottom  feme  what  hol¬ 
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1 

9* 


Mechanick  'Powers'. 


low  left  the  emptying  of  the  Bucket  any  way  hinder  ;  arc!  a, 
noint  it  with  greafe,  that  the  Water  may  keep  in  the  be  :  : .  r. 

C  A  flick  joined  to  the  bucket  a-erofs,and  made  fair  to  the 
leaver  D  which  we  call  an  axis  a  little  before,  becaufe  of  its  form. 

D  A  Leaver  with  a  little  Wheel,  or  a  Pulley  d,  annexe 
to  its  top,  the  lower  end  of  which  leaver,  is  bound  to  the 
flap  B,  with  a  firing,  for  this  end,  that  while  the  Lucttet  A, 
afeends  towards  the  piece  Z,  and  hits  againft  thcLeavet,  me 
flap  is  opened  and  the  Water  goes  forth. . 

E  A  little  Pipe,  or  fmall  Tube,  joined  in  the  bottom  of 
the  Bucket  fothat  it  anfwers  beneath  the  mouth  of  the  hole 
of  the  flap,  through  it  the  Bucket  is  emptied  within  the 
ve'fel  X,  the  Orifice,  or  Mouth,  and  its- cavity,  are  not  lefs 

than  the  hole  of  the  flap  Bi  . 

is  Rings  on  both  fides  of  the  Bucket,  m  which  are  mgrat- 

ted  Iron  threds,  or  chords  G  G.  b  ^ 

G,  Iron  threds,  or  chords,  which  muft  be  firmly  extend- 
ed  left  the  Bucket  in  going  and  coming  hit  againft  the  fide, 
and  efpecially  while  the  leaver  bh its  againft  the  piece  Z. 

H  A-  round  piece  of  Timber,  to  which  the  laid  Iron* 
Strings  or  Wyers  are  faftned,  which  Threds  or  Wyers  ought? 
to  defeend  from  the  piece  Z,  even  to  the  piece  H  altoge¬ 
ther  perpendicular  ,  and  to  be  diftant  from  each  other 
fuch  a  fpace,  that  they  (train  not  the  Rings  that  are  fixtto- 
the  Buckets,  or  at  lead  but  lightly,  that  lo  the  Bucket  may 
afeend  and  defeend  freely,  and  without  violent  wearing. 

1  A  Rope  to  which  the  Bucket  A  is  faftned,  paffing  over 
the’llttle  wheel,  or  pulley  K,  and  within  the  pulley  L,  and  ' 
from  thence  extending  to  the  faftned  pulley  K  to  whofc 


top  it  is  faftned,  .  ,  a  ,  r 

K  A  Pulley  joined  to  the  piece  Z,  which  mult  be  large- - 

for  many  reafons,  and  a  hole  in  the  middle,  and  let  theie  be 

a  fmall  Axis  paffing  through  the  hole,  which  will  bear  the 

weight  of  the  Bucket  and  Waten  . .  . 

Ke  A  fixt  Pulley,  that  is,  it  doth  not  turn  aoout  its  Axis* 

but  is  immovable,  or  rather  a  fourth  part  of  a  Pulley,  itsSemi-^ 
diameter  ought  to  be  equal  to  the  Semidiameter  of  the  Pulley 
K  that  therefore  the  motion  of  the  Bucket  M,  may  remain  < 
uniform,  that  is,  that  it  may  remain  always  in  the  lame  per-  - 
nendicular ;  other  wife  the  Rope  of  the  Bucket  M  will  raze 
-o-ainfl  the  Iron  threds,  or  chords  GG,  and  fo  the  motion  . 

I,.,  Anofo 


All  be  hind  red*. 
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uk  ?fther  raII7’  r  hich  ^hiIe  the  r°Pe  1  draws  on 

bod?  fide^  cau/GS  the  afcent  of  the  Bucket  A,  to  be  as  {wife 
again  as  the  defeent  of  the  Bucket  M,  and  therefore  that  runs 

U0L:°  e  tnS  lPacc  in  the  fime  time  as  this  3  for  which  caufe  the 
weigat  of  tue  Bucket  M  full  of  Water,  ought  to  be  as  much 
more  as  the  weight  of  the  Bucket  A  being  full  ;  but  on  the 
contrary,  the  Bucket  A,  although  it  be  leffer  than  the  Bucket 
in,  ought  to  weigh  more  than  it,  they  both  being  empty* 
noiwiimhnding  the  excefs  ought  to  be  indifferent,  and  fo 
CAaCi,  as  will  fuffice  that  the  Bucket  A  being  empty  in  de- 
landing,  may  diaw  up  the  Bucket  M  being  empty. 

-  ¥>  A  VefH  or  a  great  Bucket,  which  by  its  defeent 
draws  up  another  leffer  A,  it  hath  a  flap  B,  and  little  pipe  E 
11  the  bottom,  rings  F  F  on  the  fides,  Iron  threds  or  chords 

O  G,  as  the  former  Bucket  A,  neverthelefs,  the  leaver  is  ap^ 
plied  m  a  divers  manner. 

N  n,  A  leaver  placed  upon  the  Bucket  M  a-crofs,  to  whofe 
-end  »  there  is  annexe  a  flick  n  a ,  hanging  or  dangling,  this, 
while  its  end  a,  defeending  with  a  bucket  touches  the  Earth 
laiies  the  leaver  N  «,  and  opens  the  flap  B,  of  the  bucket  M 

dt  tne  lame  time  in  which  the  flap  B  of  the  bucket  A  is 
$ opened. 

O  0,  1  wo  ropes  faftned  above  to  the  bucket  M,  and  below 
to  the  piece  Y,  or  to  the  Earth,  to  the  end,  that  M  ihould  not 
aicend  beyond  its  due  limits,  nor  A  defeend  beyond  his : 
*’  I  4>  &c-  are  leaden  weights  to  weaken  the  Impetus  of 
the  motion  m  the  defeent,  while  they  lye  fucceftively  one  af¬ 
ter  another  onthe  earth,  and  leffen  the  weight  of  the  bucket, 
ro  whicn  they  are  faftned;  but,  in  .  afeending  while  they  are 
elevated  from  the  earth  one  after  another,  they  adjoin  new 
weight  to  the  fame  bucket  3  and  they  may  be  more  or  left 
according  as  is  necefiary.  '  '  V 

f>  A.  piece  laid  athwart. a  little  above  the  bucket  M,  having 
, !,J  e  11  middle,  through;  which  a  rope  pafles  freely 
without  rubbing,  to  which  the  bucket  is  faftned  even  to  the 
knot  d  which  knot  when  it  comes  to  the  piece  P,  flays  the 
motion. of  the  bucket  M,  and  hinders  it,  that  in  defeendin" 

Jh-  “W  n‘K  againit  the  earth,  nor  the  bucket  A  in  afcendin» 

hUjagginlt  ttie  piece .Z  Z.  0 

<4  ,  _;ine  knot  (p.cke  of  but  now,  to  it  may  betyed  a  ft  . iff 
-a-crOiSj  or  o.vefthwart,  which  may  eafily  be  loo  ft  and  chan°- 
ed  as  need  is.  '  ‘  R  AnS- 
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R,  Another  knot  with  a  ilaff athwart,  which  nuid  be  fo  far 
diftant  from  the  former  knot,  as  is  the  fpace  of  defcent  of  the 
bucket  M  almoftto  the  earth  ;  this  knot  may  execute  ■ 
fice  of  the  ropes  O  o,  if  the  weights  i,  t,  3,  &c.  be 
fary. 

S,  A  velfel  defigned  to  receive  the  Water  from  tn 


Ofr 

■  i 


as  na 


tain,  it  hath  a  flap,  and  a  little  pipe  in  the  bottom, 
buckets  A  and  M,  neverthelefs,  the  little  pipe  ought; 
out  the  water  from  each  fide,  and  at  the  fame  time 


3  daft 


fill  together  the  bucket  A,  and  the  bucket  Fd  3  and  because 
thefe  buckets  are  of  divers  capacities,  the  faid  two  little  pipes 
ought  to  call:  out  an  unequal  quantity  o f  water  from  the  veliel 
S  :  This  velfel  mu  ft  not  be  in  the  middle  between  the  two  buck¬ 
ets,  but  behind  after  them.  f  f 

T,  A  leaver  faftned  by  a  firing  or  rope,  to  the  flap  of  the 
Velfel  S  to  open  it  -ron  the  top  it  hath  the  table  /  adjoined,  that 
the  ftalf  V  may  hit  fecurely  on  it,  and  raife  the  leaver. 

F,  A  fluff  fixed  firmly  to  the  fide  of  the  bucket  M,  with  a 
little  wheel  or  pulley  on  the  top  ;  this  when  its  pulley  raifes 
the  leaver  T,  and  opens  the  flap  of  the  velfel  S,  while  the 
buckets  are  filling,  the  bucket  M  defeends,  and  with  it  the  ftalf 
V,  and  fo  the  leaver  T  is  let  dowm,  and  the  flap  of  the  velfel 
S,  is  fhut  again,  until  the  vetfels  are  emptied  below,  and  above*. 
M  returns  back  with  its  arm  V,  and  raifes  the  leaver  T  again, 


and  opens  the  flap  of  the  velfel  8,  as  before. 

X,  A  velfel  to  receive  the  w/ater  of  the  bucket  A  :  This  vef- 
fel  ought  to  be  fuch  a  fpace  beneath  the  piece  Z,  that  while: 
the  leaver  D  hits  on  the  piece,  the  little  pipe  E  witffin  the. 
veliel  unloads  the  water  of  thebucket  A. 


r,  A  piece  of  timber,  a  flump,  or  a  ftone,  to  which  the.- 
ropes  GO  are  faftned. 

Z,  A  piece  of  timber  to  which  the  pulleys  K  and  K  e  are 
affixt  3  this  piece  of  timber  hath  the  table  b  aftixt  to  it  at  right 
angles,  on  which  hits  the  little  wheel  of  the  leaver  D,  and 
draws  near  to  the  wall,  and  draws  the  bucket  A  with  it  to¬ 
wards  the  wall,  that  the  little  pipe  E  may  hang  over  the  head;, 
of  the  velfel  X  ;  which  may  alfo  be  done  otherwife. 

This  En gin  which  was  made  at  Rome  in  the  Convent  of  St.-. 
Maria  de  Victoria,  the  lelfer  bucket  did  contain  more  than  an 
whole  Urn  of  Water  (at  Rome  they  fay  mBarile)  but  before 
while  they  ufed  Idler  Buckets,  the  Engin  w  anted  fuccefs. 

'  1  '  Note: 
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Note  aifo,  that  the  bucket  A  ought  fitl't  to  be  emptied,  and 
then  the  bucket  M,  otherwife  the  water  as  yet  contain’d,  by 
the  more  heavy  weight,  would  defcend  with  too  much  force, 

but  you  may  obtain  that  by  making  the  little  pipe  E  of  a  due 
magnitude. 

Its  flaps  are  of  matter,  and  form,  and  magnitude,  that  the 
water  before  they  are  opened,  no  way  runs  out ,  in  the  fore- 
-a:“  El,gin>  a  palm,  or  hands  breadth  was  the  length, 

arm  half  a  palm  the  breadth  :  The  matter  was  Lead  botli  of 
tne  little  tongue,  and  the  table,  in  which  the  hole  was,  and 

was  fnutby  thetongue  :  If  they  are  made  of  wood,  they  have 
not  fo  good  fuccefs. 

The  Pulley  L  hath  as  much  diameter,  as  is  the  diftance  be¬ 
tween  the  true  Pulley  K,  and  the  fained  one  Ke. 

The  weights  i,  2,  3,4,  are  faftned  to  the  ropes  OO 
ot  this  end,  to  flop  the  Impetus  of  the  defcending  bucket  A  • 
ror  betides  the  Impetus  which  always  increafes  in  heavy  bodies 
descending,  the  Impetus  likewife  is  too  much  acquired  from 
this,  that  when  it  comes  to  the  piece  Z,  the  whole  weight 
or  the  rope  I  hangs  on  the  other  part  of  the  Pulley  K,  and  tn- 
creaies  the  weight  of  the  bucket  M  ;  but  when  after  the  eniD- 
tying  of  t.;e  buckets,  the  bucket  A  being  heavier  than  rhe 
mcuetul,  together  with  the. weight  of  the  rope,  it  begins  to 
cielcend,  and  draws  with  it  the  rope  I,  and  therefore  draws  to 
it  the  weight  of  the  Rope,  and  takes  away  the  fame  from  the 
bucket  A/1.  _  f  a  how  much  more  is  added  to  one,  and  ta¬ 
ken  from  t  other,  fo  much  the  more  the  Impetus  increafes  of 
tne  bucitet  A  ,  which  Impetus  is  weakned  by  the  forefaid  lea- 

oen  Plummets,  w'hile  they  are  raifed  from  the  earth  fuccef 
lively. 


Alfo  beware,  left  the  ropes  are  made  wet  by  rain,  or  by  wa¬ 
ter,  otherwne  they  will  be  contracted,  and  not  retain  their 
cue  length. 

.  HIy?  ^]*s.  °kferv€d  hi  the  forefaid  Engin,  that  the  water 
is  railed  as  high  again  in  the  buckter  A,  as  it  defcends  in  the 
bucket  hi,  by  reafon  of  the  PulJey  M,  which  doubles  the 
lope  :  But  if  any  one  would  have  the  water  rife  four  times  as 
nigh,  lie  mult  add  another  Pulley,  and  another  rope  •  in  like 
manner  by  die  help  of  three  pulleys  he  may  make  the  water 
afcend  to  eight  times  the  height,  &c.  fo  that  the  water  con¬ 
tain  din  the  bucket  M,  be  quadruple  or  o&uple,  of  that  which 


is 
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is  in  the  bucket  A,  yea,  and  fomewhat  more,  that  the  bucket 
being  full,  may  out-weigh  the  bucket  A,  ar.d  may  draw  it 
downwards  j  although  the  bucket  A  being  empty,  ought  al¬ 
ways  to  be  heavier  than  the  bucket  M  in  like  manner  being 
empty. 

Schottus  in  his  Technka  curiufa  defcribes  an  Engin  fomewhat 
different  from  this, which  was  made  at  a  Noble  Man’s  Houfe  at 
Baft l  with  good  fuccefs. 


Engin.  X. 

To  perform  the  fame  thing  eafily  in  any  gvoen  proportion 

of  Height. 

Fig.  ic6.T  Et  there  be  a  fountain  of  confiant  Water  running- 

J—  into  the  Velfel  A,  or  at  leall  let  it  be  derived  thi¬ 
ther  from  fome  continual  Fountain,  and  you  would  raife  it  to 
the  Velfel  B,  whole  height  above  A  is  10  feet,  but  from  A  the 
water  cannot  defccnd  deeper  than  to  C,  to  wit,  to  feet  beneath 
the  Fountain  A  j  nigh  the  Velfel  B  dllpofe  the  Axis  D  E  in  an 
Horizontal  fire,  cafiiy  turning  about  the  extream  poles  •  dif- 
pofe  fuch  another  like  Axis  near  the  Fountain  A,  and  annex  to 
each  of  them  the  Tympane  F,  and  the  wheel  G  I ;  Tympanes 
of  this  kind  are  divided  by  Iron  Rods,  or  Sticks,  and  of  fuch  a 
largenefs,  that  there  may  be  put  upon  them  conveniently  lit¬ 
tle  Velfels,  joined  together  by  a  Chain  annext  to  one  another  in 
manner  of  a  Ring;  it  matters  not  what  fafliion  the  little  Velfels 
are  of,  fo  that  they  receive  the  Water  eafily  into  them,  and 
empty  the  fame  out  of  them  again,  we  have  delineated  two  of 
them  together  in  the  figure  L  N ,  thofe  which  are  put  about 
the  upper  Tympane  hang  on  the  fatne,  and  they  extend 
or  reach  along  to  the  water  of  the  fountain  A,  and  are  dipt 
into  it  fuccelEvely,  and  draw  the  fame  while  the  Tympane  rs 
turn’d  about ;  but  when  they  come  to  the  top  of  the  wheel, 
they  unload  the  fame  water,  and  pour  it  into  the  upper  Veflej 
B.  But  from  the  water  of  the  fame  fountain  A,  the  Velfels  put 
about  the  lower  Tympane  mult  firft  be  fill’d,  which  ought  to 
have  a  little  hole  open  in  the  bottom,  that  the  water  may  flow 
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from  the  Veflel  L  into  the  lower  Veflel  N,  and  from  N  into 
another,  and  fo  fucceflively  all  the  Veflels  of  one  fide  are  fill'd  j 
for  then  the  weight  of  them  and  the  water  turn  about  theTym- 
pane,  together  with  the  wheel  G  I  of  the  lower  Axis,  which 
wheel  running  into  the  other,  moves  the  upper  wheel  and 
turns  it  about  with  the  Tympane  of  the  Axis  D  E,  that  the  lit¬ 
tle  Veflels  draw  the  water  from  the  Fountain,  and  raife  it  in¬ 
to  the  Veflel  B  ;  but  becaufe  the  water  ought  to  be  raifed  dou¬ 
ble  the  height  in  B,  that  it  defcends  in  C,  therefore  the  upper 
crown,  or  ring  of  little  Veflels,  ought  in  like  manner  to  be  as 
long  again  (  or  doubly  longer  )  and  therefore  that  it  may  be 
carried  about,  and  raifed  from  the  lower  crowm,  or  ring,  being 
but  half  fo  big  for  doubly  lefler ;  )  thofe  little  Veflels  ought 
to  be  lefler,  fo  that  they  raife  upward  in  the  lame  manner  fub- 
duple,  or  half  the  water,  yea,  rather  lefs,  becaufe  of  the  refi¬ 
nance  of  the  Engin,  but  the  lower  little  Veflels  receive  double 
the  water,  or  fo  much  as  fuffices  to  move  both  the  Wheels. 

The  lower  Tympane  may  conveniently  hang  over  the  Well, 
or  Pit,  defigtied  for  it,  within  which  the  Crown  or  Ring  of 
little  Veflels  defcending,  when  they  come  to  C,  the  little  Vef- 
fels  are  unloaded  fucceflively,  fo  that  one  fide  of  the  Crown  is 
always  full  of  water,  and  out- weighs  the  other  fide,  and  turns 
about  the  Axis :  That  if  the  upper  Veflel  B  being  filled  with 
Water,  which  afcends  upwards,  if  again  flows  into  the  lower 
Veflel,  A,  and  the  lower  parr  of  the  Engin  is  fo  accommoda¬ 
ted,  that  the  pouring  out  of  the  Water  appears  not  by  means, 
whereof  the  lower  Tympane  is  moved,  and  the  Spedlators- 
may  eafily.  be  deceived,  thinking  that  Water  only  to  defcend, 
which  at  once  afcended*  that,  therefore  they  may  think  it  a 
.  kind  of  perpetuahmotion. 

If  the  weight,  of  the  Water  of  the  lower  Tympane  be  dou¬ 
bly  greater  than  the  weight  of  Water  which  alcends  to  the. 
upper  Tympane,  this  Water  may  be  raifed  to  a  double  Alti¬ 
tude,  and  therefore  a  crown  .of  lit  tie  Veflels  doubly  longer  muft 
be  ufed  ;  and  thofe  little  Veflels  of  the  upper  Tympane  will  be. 
proportionally  lefler  in  the  fame  manner,  viz,  if  the  water  be: 
to  be  raifed  triple  or  quadruple  higher,  the  little  Veflels  of  the 
upper  Tympane,  or  wheel,  muft  be  triple,  or  quadruple  lefler 
than  thofe  of  the  under  or  lower  Tympane,  or  wheel,  fo  that; 
the  length  of  the.  upper  Crown  is  made  amends  by  tire  mag¬ 
nitude,  of  the  little  Veflels  of  the.  lower  Crown* 

Bur 
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But  the  little  VelTels  of  both  Crowns  may  be  made  equal, 
and  neverthelefs  the  Water  may  be  raifed  to  any  height,  to 
wit,  if  the  wheels  G  I  which  bite  each  other,  be  made  une¬ 
qual  ;  for  if  the  upper  wheel  hath  its  Diameter  doubly  greater 
than  the  under  wheel,  this  will  move  that  with  a  weight  of 
water  doubly  lefs,  and  therefore  a  crown  of  little  VelTels  dou¬ 
bly  leflfer  will  be  equal  to  the  little  VelTels  of  the  upper  Crown; 
1  fay,  the  fame  of  any  other  proportion,  triple,  quadruple, 
&C:  wherefore  amends  may  be  made  divers  ways  for  the  height, 
and  plenty  of  water  afcending,  either  by  means  of  a  greater 
upper  wheel,  or  by  means  of  greater  little  VelTels  of  the  lower 
wheel,  or  Tympane,  or  partly  by  means  of  the  greater  wheel, 
and  partly  of  the  greater  fmall  VelTels. 

But  if  from  all  the  Water  in  the  Ciftern  A  continually  flow¬ 
ing,  the  greater  part  of  it  is  to  be  raifed  in  the  upper  Ciftern 
B,  as  if  you  were  to  raife  three  parts  of  four  of  the  water,  and 
but  one  part  only  to  defcend,  than  the  lower  Crown  muft  be 
3  times  as  long  as  the  upper  Crown,  and  the  little  VelTels  of 
the  fame  muft  be  at  leaft  three  times  lefler,  if  both  the  Axes  of 
the  wheels  G  and  I  be  equal.  But  if  the  wheels  G  I  be  une¬ 
qual,  the  proportion  may  be  made  lit  another  way  ;  for  if  the 
lower  wheel  be  three  times  greater  than  the  upper  wheel,  the 
little  velTels  of  the  Crowns  may  be  made  equal,  but  the  lower 
Crown  ought  to  be  three  times  greater  3  for  in  this  cafe,  while 
the  lower  wheel  is  turn'd  about  only  once,  fuppoling  five  of  its 
little  velTels  to  bt  fill’d,  the  upper  Wheel  is  turn’d  about  thrice, 
and  therefore  fifteen  of  its  velTels  draw  water,  and  in  like  man¬ 
ner  1 9  velTels  of  water  they  pour  into  the  Ciftern  B. 

Alfo  both  crowns,  or  chains,  to  which  the  little  velTels  are 
faftned,  may  be  accommodated  to  one  and  the  fame  upper 
wheel,  but  it  will  be  necelTary  to  fit  to  the  wheel  two  wheels 
with  Axes,  as  is  declared  before  :  But  if  the  altitude  to  which 
the  water  is  to  be  raifed,  be  To  high  that  it  requires  very  great 
wheels,  other  wheels  may  be  dilpofed  in  the  middle  between 
each  wheel,  wdiich  may  be  moved  fucceftively  by  the  lower 
wheel,  equally  or  unequally,  according  to  the  proportion  of 
the  quantity  of  water,  or  the  magnitude  of  the  little  velTels; 
for  this  wall  be  very  commodious,  as  if  the  water  be  to  afcend 
higher,  we  add  to  the  Engin  one,  or  more  wheels,  if  not  To 
high,  we  take  away  the  fame,  making  no  mutation  or  altera¬ 
tion  of  the  Crowns,  or  VelTels  ;  moreover  the  velTels  of  both 

T  2  crowns 
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crowns  may  be  always-equal,  and  yet  the  water  may  afcend 
to  divers  heights*  the  lower  crown  remaining  the  fame  and  not 
altered,  by  only  changing  the  magnitude  of  the  upper  crown - 
for  as  is  faid  above,  if  the  water  ought  to  afcend  4  times  as 
high  as  is  the  defcent  of  the  other,  ’tis  fuffici ent  that  the  crown 
of  the  upper  wheel  be  4  times  greater,  or  fomwhat  Jefs  ;  and 
the  upper  wheel  G  I,  muft  in  like  manner  be  4  times  greater 
than  the  lower,  or  little  more  ;  for  fo  the  upper  wheel  will  be 
moved  4  times -flower,  and- will- raife  a  fourth  part  of  the  wa¬ 
ter,  the  crowns,  or  chains,  of  both  veflels  being  equal. 

Likewife  the  Wheels  and  Axes  may  be  multiplied  together 
with  wheels  annext,  and  the  chains,  or  crown,  of  veflels,  fo 
that  one  be  put  upon  another  -y  for  we  may  make  another 
wheel  to  exilt  on  the  Axis  D  E,  which  may  be  moved  bv  the. 
middle  wheel  G  I,  and  furniih.it  with  a  wheel,  and  a  chain  of 
final!  veflels  defcending  into  the  Ciftern  B,  and  drawing  wa¬ 
ter  from  thence j  moreover  that  water  now  raifed  into  B,  may 
from  the  crown,  or  chain  H  I  again  he  raifed  either  a  If  or  at 
leaf!:,  part  of  it  into  another  Receptacle,  or  Cittern, higher,  and 
from  this,  into  another  as  high  as  youpleafe,  a  11  which  we 
leave  to  the  will  of  the  induftrious  Artificer,  fince  we  have 
ttiewn  fo  many  ways,  it  may  fuffice. 


Engki  XL, 

To  empty  flan  ding  Waters . 


l07-  A  1S  a  JaSSed  wheel  joined  together  with. 

JA-,  ft rong  pieces  of .Timber,  defigned  for  the  draw, 
ing  off,  or  draining  of  water  •  the  length  may  be  made  at  plea, 
fure,  according  to  the  proportion  of  the  breadth  of  the  writer, 
alfo  it  may  be  made  fo  broad,  that  the  whole  Semidiameter 
from  the  Circumference  to  the  Axis  be  immerft  in  water,  yea, 
she  Circumference  may  touch  the  bottom,  for.  as  much  as  the 
moving  force  of  the  wheel  may  be  increaft  as  you  pleafe,  and. 
as  need,  requires. 


P 


’rom-this-  wheel  A,  the- LearerR -palling. through  the  wheel, 
and-' the  water  extends  to  the  Earth,or  Shear,  where  is  ere&cd 
a,  wooden  receptacle.  C  C  ;  the  .  wheel  D  is  adjoined  to  'the 


leaver. 
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leaver  B,  which  comprifes  the  wheels  E  and  F,  and  thefe  the 
wheels  G  and  H,  and  thefe  the  wheel  I. 

The  leaver  of  the  wheel  I  reaches  to  K,  where  it  hath  a 
flrong  Iron  Ring  put  about  it,  which  is  furnifht  with  holes 
through  the  Circuit,  and  ftands  out  towards  L,  that  it  may  re¬ 
ceive  L  within  it. 

L  is  a  Cylinder,  whofe  end  L  is  furnifht  with  a  like 
Iron  Ring  bored  through  in  the  Circuit,  only  ’tis  a  lit  tie  lefler 
or  ftraiter  than  the  ring  K,  that  it  rxi  s  v  ' '  '  ^ 

ter  that  the  laid  end  L  is  put  within  the  ring  K,  both  the  rings 
are  firmly  bound  by  Wedges  and  Hooks  of  Iron  driven  in 
through  each  correfponding  hole,  that  the  Cylinder  L  Q_,  to¬ 
gether’  with  the  leaver  K,  may  be  turn’d  about :  In  hi  are 
Wedges,  and  Hooks  of  Iron,  which  are  join’d  to  the  two  (aid 
iron  rings  K  and  L,  and  made  firm,  that  the  axis  K  and  the 
Cylinder  L  may  be  turn’d  together,  the  rope  that  draws  is* 
folded  about  the  Cylinder  L  Q_,  which  muft  be  length  ned  that- 
it  may  pafs  above  the  wheel  or  puily  N  ,  to  the  rope  is  hung 
the  weight  O,  of  as  many  hundred  pounds  as  you  pleafe,  or 
neceifity  requires  5  this  weight,  while  the  rings  K  and  L  are 
firmly  joined,  turns  about  the  wheel  I,  and.  this  the  middle 
wheels  H  andG,  then  E  and  F,  and  at  laft  L)  and  B. 

The  weight  O,  how  great  foever  it  be,  after  that  ’tis  turn’d 
about  with  his  rope,  it  may  be  raifed  again,  or  by  a  man  on¬ 
ly,  it  may  eafily  be  done  with  the  Engin  called  Pancratium  P, 
which  that  it  may  be  done,  ’tis  neceflary.  that  the  end  Q__of 
the  Cylinder  L  Qjae  not  roundj  but  fquare  like  the  end  of  a 
fpit  which  being  turned  round,  the  little  Engins  are  turn’d  a- 
bout,  and  ’tis  bored  through  that  it  may  receive  a  Nail,  ora^ 
WedW,  but  the  end.  of  the  Axis  of  the  loweft  wheel,  of  the 
Pancratium  ought  to  have,  a  fquare  hole  which  agrees  with  the 
laid  end  Qj  that  this  may  be  put  into  that,  and  faftned  with  a- 
Nail  or  made  firm  with  a  wedg  after  that  manner,  that  a- 
Spit  is  thruft  into  the  hole  of  the  round  machine,  or  wheel,  that 

turns  the  Spit.  _ 

Then  when  the  weight  O  is  drawn  to,  I  take  away  the 

wedges  and  hooks  M,  from  the  rings  that  are  conjoined- to  K 
and  L,  that  L  may  be  freed  from  K,  then  I  apply  the  Pancra¬ 
tium  to  the  fquare  end  Cf,  and  turn  about  the  handle  of  the  ■ 
Pancratium-,  which  when  done,  the  wheciS  .  fo,  H,  G,  efe.  iclf, 
but  the  weight  O  is  raifed,  and  the  leading  rope  is  turn’dabouc, 
he.  Cylinder  L  Q:  After.' 
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After  that  the  weight  O  is  raifed,  join  again  and  make  firm 
one  within  another  the  rings  K  and  L,  but  remove  the  Pan¬ 
cratium  from  and  the  weight  by  its  defeent  will  again  turn 
the  wheels  I,  H,  G,  &c. 

i  From  whence  it  appears,  that  the  chief  Artifice  is  placed  in 
this,  that  as  great  a  weight  as  you  pleafe  may  be  applied  in- 
head  of  a  power,  by  means  whereof  while  it  is  moved  very 
flowly,  it  eftefts  a  fwift  motion  in  the  extream  wheel  of  the 
hngin  ,•  and  again,  by  applying  the  Pancratium  P  to  the  Engin, 
whofe  Fabrick  is  declared  above. 

But  becaufe  perhaps  it  requires  as  much  time  to  raife  the 
weight  O  with  the  Pancratium ,  as  is  that  wherein  the  fame 
weight  defeends,  and  therefore  great  part  of  the  Engins  time 
is  loft  by  this  effedl;  therefore  I  advife  to  difpofe  another  Axis 
T  V  upon  the  Axis  L  Qj  and  in  the  mean  time  while  the 
weight  O  defeends,  and  the  Engin  performs  its  effefr,  the  fame 
Pancratium  being  applied  to  the  Axis  T  V,  may  raife  another 
weight  X,  to  be  applied  again  prefently  to  the  Engin,  as  the 
weight  O  comes  to  the  bottom,  to  be  taken  up  again  by  the 
fame  Pancratium ,  while  the  wheels  are  turn’d  about  by  the  o- 
ther  weight  ^  for  fo  the  Engin,  or  Machine,  will  never  ceafe 
from  motion,  befides  thac  little  time  wherein  the  rope  being 
loofs’d  rrom  the  weight, is  again  turn'd  about  the  Axis  L  Q,and 
the  fafining  it  to  the  other  weight  now  raifed  above ;  yea, 
thofe  iron  Rings  and  Wedges  will  not  require  to  be  ufed,  if 
lo  be  you  can  ufe  one  continued  Cylinder  only  M  L  O  >  to 
which  the  rope  may  eafily  be  wound  about,  fince  this  wmi  be 
free  from  the  weight ;  Or  likewife  a  double  rope  may  be 
uied,  one  of  which  without  weight  (  or  at  leak  but  a  little  ) 
may  be  wound  about  the  Cylinder,  while  the  other  is  rokd  and 
drawm  downward  by  the  weight. 

This  Engin  if  it  be  made  after  the  forefaid  manner,  it  will 
be  indeed  more  fimple  and  eafie,  and  ferve  for  many  other  li¬ 
fts  •  as  for  Example,  the  lower  wheel  B  will  eafily  be  applied 
to  a  vertical  wheel,  which  will  likewife  turn  about  fwifdy  a 
hand  mill ;  in  like  manner  there  may  be  added  to  the  Axis  B 
D,  pins  to  take  up  Fellies,  wherewith  mineral  Veins  may  be 
pounded,  or  Gun  powder,  &c.  as  is  declared  before,  alfo 
there  may  be  many  other  wheels  to  turn  about  to  wind  fiver 
Thred,  and  other  fuch  like,  as  will  appear  to  the  Conf derate. 
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Engin.  XII. 

By  whofe  means  the  water  always  afeends  to  any  given  bright, 
fuppofing  alfo  it  he  hut  a  fim  all  ft  re  am  oj  water,  Jo  it  he 
hut  conftant . 

Fig.  10S.T  Et  there  be  a  large  Receptacle,  or  Ciftern  A  B,  in- 
I  j  to  which  the  water  conftantly  flows  through 
fome  Channel,  or  Pipe  C,  below  that  ciftern  make  two  other 
cifterns  G  H,  and  X  Z,  in  two  feveral  places  of  fufficient  big- 
nefs,  according  to  the  proportional  quantity  of  water,  which 
muft  defeend  by  turns  from  the  ciftern  A  B,  into  thofe  two 
lower  ciftern?,.  as  will  appear  by  and  by,  and  for  that  caufethe 
Tubes  F  G,muft  defeend  from  the  bottom  of  the  ciftern  A  B,  in¬ 
to  the  ciftern  G  H,  and  Y  X  into  the  ciftern  X  Z,  and  thefe 
cifterns  muft  be  furnifht  with  a  cover,  and  the  cover  muft  come 
clofe  to  the  fide,  for  they  ought  to  be  every  where  clofe  and 
fhut,  bat  the  ciftern  A  B  muft  be  open  j  thofe  Tubes  upon  the 
bottom  of  the  ciftern  A  B,  muft  have  flaps  E  and  D,  fo  that 
their  mouths  may  be  fhut  or  open:  The  ciftern  G  H  will  need: 
another  Tube  in  its  lower  part,  furnifht  like  wife  with  the  flap  I, 
and  the  fame  muft  be  as  near  as  may  be  of  the  magnitude  with 
the  Tube  F  G  and  Y  X$  the  fame  muft  be  performed^  the  o- 
ther  ciftern  X  Z, which  in  like  manner  muft  have  the  like  Tube 
Z  furnifht  with  a  flap. 

Through  the  cover  of  the  ciftern  G  H,  a  (mail  hole  being 
made,,  defeends  a  rod  of  mettal  O  M  fitting  the  hole,  to  whofe: 
lower  part  the  brafs  veil'd  M  is  foddred  faft  being  inverfled,  to 
wit,  fo  that  the  open  part  of  the  veflel,  or  buckervlook  down¬ 
wards,  and  to  the  other  end  of  the  rod  O,  is  faftned  the 'arm 
Q  N,  which  is  fo  pofited.  in  N,  that  it  may  eafily  be  moved  up¬ 
wards  or  downwards  y  to  the  fame  little  arm  O  N  is  affixt  fuch 
another  like  rod,  which  defeends  in  the  fame  manner  into  the 
lower  ciftern,  and  fuftains  the  weight  L  within  the  ciftern  y  fi¬ 
nally,  that  little  arm  is  furniftit  with  a  little  wing  hindering 
its  coming,  upwards,  and  his  intercepted  with  a  double  ftaff, 
or  fpear,  or  between,  the  notch  R  N,  his  interrupted:  by.  the 
little  arm  k  a  thwart  y  this  kind  of  ftaff,  or  notch,  on  its  up- 

mk 
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per  part  P,  is  faftned  to  another  ftaflf  or  leaver  P  Cp  V,  and  to 
the  lime  leaver  in  Q_,  is  knit  or  faftned  another  rod  I  Q_R,  by 
whofe  means  the  flap  I  is  opened  and  fhut:  Furthermore  the  lea¬ 
ver  R  S  T  is  moveable  about  the  centre,  by  help  whereof  while 
the  flap  D  is  lifted  up  or  opened,  the  other  flap  E  is  depreft 
a  '.d  fhut,  and  'vice  verfa. 

Thefe  things  being  thus  difpofed,  that  fome  determined  part 
of  the  water  which  defcends  into  the  Cifterns  G  H  and  X  2, 
may  afcend  again  to  any  given  height,  fas  for  example;  into 
the  upper  cifterns  A  and  B;  above  the  ciftern  G  H  make  ano¬ 
ther  veflel, or  ciftern  C  E,  yet  fo,  that  it  may  be  fomewhat  low¬ 
er  than  the  fuperficies  of  the  water  that  is  in  the  ciftern  A  B,  a©d 
let  it  beclofe  fhut  every  where  that  no  air  enter  in.  Through 
its  bottom, and  through  the  cover  of  the  ciftern  G  H,  let  the 
Tube  C  H  defcend  reaching almoft  to  the  bottom  of  the  ciftern 
G  H,  and  almoft  touching  the  cover  of  the  ciftern  C  E.  Then 
from  the  fame  veflel  C  E,nruft  afcend  two  other  Tubes  into  ano¬ 
ther  veflel  like  that  before,  to  wit, the  Tube  E  F,  which  almoft 
touches  the  bottom  of  the  veflel  C  E,  and  the  cover  of  the  up¬ 
per  ve.fel  i)  G;  and  the  Tube  CD,  which  afcends  from  the 
cover  C  of  the  lower  veflel,  almoft  to  the  cover  of  the  upper 
ve.  el  in  O ;  altogether  in  the  fame  manner,  two  other  Tubes 
G  A,  D  H,  muft  afcend  from  the  veflel  D  G,  into  the  veflel 
H  A.  _  Laftly,  in  the  uppermoft  veflel  A  H,  which  much  be  o- 
pen  without  a  cover,  fit  a  Scyphon  A  P,  through  which  the  wa¬ 
ter  is  derived, or  conveyed,  into  the  ciftern  P  Qjlefigned  for  ufe. 

Above  the  ciftern  X  Z,  in  the  fame  order  muft  be  placed  fo 

many,  and  altogether  the  fame  veifels  furniffit  with  the  fame 
Tubes. 

Then  from  the  ciftern  A  B,  by  opening  the  flap  E  F,  the  wa- 
ter  flowing  into  the  lower  ciftern  G  H  being  clofe  fhut,  ’tis  com¬ 
pel!  d  by  the  compreft  Air  to  afcend  through  the  Tube  A  C  into 
the  upper  veflel  C  E,  the  Air  being  excluded  in  the  mean  while 
from  it  by  the  Tube  C  D.  But  in  the  fame  time  in  which  the 
veflel  C  E,  is  fill’d  with  the  Tube  A  C, 'its  breadth  being  lefs  than 
the  breadth  of  the  Tube  F  G,  the  water  always  fills  the  ciftern 
G  H,  and  forces  the  inverfs  bucket  M  to  afcend,  until  at  length 
by  means  oi  i  he  leaver, or  arm  O  N,  hitting  againft  the  little  arm 
b,  raues  the  icaff  P  N,  and  the  fame  work  interpoflng  p  n  V 
opens  the  flap  1,  and  fhuts  the  flap  2,  and  Jikewjfe  b y  means 
o*  another  leaver  R  T  S,  the  flap  E  is  fliut,  and  the  flap  D  o» 

pened, 
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pened.  Then  from  henceforth  prefently  the  water  from  the 
cittern  A  B,  begins  to  flow  into  the  other  cittern  X  2,  and  from 
thence  afeends  and  fills  the  upper  vettel  L,  and  at  the  fame 
time  by  opening  the  flap  I,  the  receptacle  G  H  is  emptied  of 
all  the  water,  and  therefore  the  inverfe  bucket  M  defeenas  a- 
gain,  and  the  weight  L  in  the  middle,  and  the  wing  a  draws 
dowm  again  the  ftaff  P  N,  and  /huts  the  flap  I,  and  opens  the 
flap  2  ;  and  iikewife  fliuts  the  flap  D,  and  opens  the  flap  E,  that 
the  wrater  may  again  flow  into  the  receptacle  G  H  ;  then  by 
condenfation,  or  preffing  of  the  Air  interpofing,  the  water 
which  now  fhould  afeend  into  the  veflel  C  E,  is  forced  to  raife 
higher  into  the  veflel  D  G,  which  being  filled,  they  prefently 
change  turns,  and  the  flaps  2  and  E  are  fliut,  and  I  and  D  are 
opened,  and  fo  the  water  afeends  from  the  veflel  L  into  the 
veflel  M  j  this  in  like  manner  being  fill’d,  the  flux  of  water  is 
changed,  and  the  water  afeends  from  the  veflel  D  G,  into  the 
uppermoA  veflel  A  H,  afterwards  from  the  veflel  M,  into  the 
veflel  B,  while  in  the  fame  time  the  veflel  A  H  is  emptied  by 
the  Scyphon ,  the  water  flowing  into  the  common  receptacle  Q ^ 
P  j  then  again  the  veflel  C  E  is  fill’d,  and  after  that  the  veflel 
L,  arid  in  the  fame  order  alternately  new  water  afeends  from 
one  veflel  to  another,  as  often  as  the  flaps  change  turns,  being 
fometimes  open  and  fometimes  fliut. 

Where  ’tis  manifefl,if  the  veflels  be  increafed  one  above  ano¬ 
ther,  the  water  will  be  forced  to  any  height  although  but  flow- 
ly  •  and  the  forefaid  veflels  ought  to  be  fo  far  diflant  from  one 
another,  that  the  height  of  one  above  the  other,  doth  not  ex¬ 
ceed  the  height  of  the  receptacle,  or  ciflern  A  B,  above  the  ci¬ 
tterns  G  H,  2  X,  or  the  perpendicular  altitude  of  the  fill  of 
the  water  wrhich  we  conclude  to  be  conflant.  Moreover  the 
Tube  C  D  ought  to  be  fitted  with  a  flap,  or  thin  board  in  C, 
fo  that  when  the  veflel  C  E  is  filled  with  water,  the  flap  or 
board  may  fliur  it, that  the  air  break  not  out  through  the  Tube 
into  the  veflel  above,  for  fo  this  air  being  comprett,  forces  the 
water  from  the  veflel  C  E  to  afeendinto  D  G  3  I  lay,  the  fame  of 
the  Tubes  C  D  and  D  H,  &c.  alfo  this  artifice  may  be  other- 
wife  difpofed,  as  /hall  feem  meet  to  the  induftrious  Artificer. 
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CIRCULAR 

MOTION 

BOO  K. 

VIII. 

P  RQPOS.  I. 

Of  mix  Motion  from  Circular  and  Eighty  or  from  two, ; 

or  more  Circular. 

WHile  a  Wheel  is  moved  upon  a  plane  fuperficies,  I  fay,  the 
fame  of  aGlobe,  or  ball,  the  central  point  only  of  the 
Wheel, or  Globe, is  moved  with  right  motion, all  the  other  points, 
or  parts  of  the  moved.  Wheel, or  Globe,  are  moved  with  a  mixt 
motion  of  circular  and  right. 

This. motion  of  rotation  on  a  plane  hath  admirable  properties 
throughout,  which  being  rightly  percieved,  it  will  be  eafy  to 
underlhnd  the  other  mixt  motions:  Wherefore  we  make  a 
beginning  from  it ;  but  yet  we  firft  advife  that  circular  motion 
truly  and  PhyJically  conlifts  of  many  right  lines,  neverthelefs 
in  this  place  we  will  confider  it  even  as  if  it  were  altogether 
fmiple  motion,  but  where  it  will  be  needful  to  conlider  thofe 
fmall  parts  of  right  motion  of  which  cicular  motion  is  com¬ 
pounded,  there  we  will  make  particular  mention. 

Fig.  109.  Let  then  the  Wheel,  or  orb,  be  A  2  L  Q  ,  infilling 
on  the  Plane  A  D  on  which  it  is  to  be  roled,  or  turned,  and  let 
the  right  line  A  D  be  equal  to  the. arch  A  fV  fo  that  while  the 
Wheel  is.  moved  towards  D,,  the  point  Qjnay  touch  in  the 
point  D:  In  this  motion  ’tis  manifft,  Firft,  that  the  Centre  of  the 
Wheel  0  is  moved  by  the  tight  line  O  E,  for  fince  the  Wheel 
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always  touches  the  plane  in  fome  point,  and  the  Centre  O  is 
always  equally  diftant  from  the  points  of  the  Periphery,  which 
fucceffively  touch  the  plane,  the  Centre  O  will  always  be  in  the 
line  O  E,  and  when  Qjs  come  to  D,  the  Centre  O  will  be  in 
C,  and  the  Centre  O  always  infills  perpendicularly  on  the 
point  of  Contact. 

Secondly,  ’tis  manifeft  that  any  other  point  is  moved  with  a 
mixt  motion ;  for  if,  for  example,  we  take  the  point  L,  over 
and  above  the  motion  of  the  centre  ’tis  moved  towards  Y,  fo 
that  if  the  Wheel  Ihould  not  be  turn’d  about  the  Centre  O,  but 
only  moved  upon  the  plane,  always  touching  the  Plane  A  D 
in  the  point  A  ( which  is  to  move  only  by  the  motion  of  the 
Centre  )  the  point  L  will  be  moved  by  the  right  line  L  Y,  and 
while  A  is  in  D,  E  will  be  in  Y,  O  will  be  in  C,  and  fo  any 
other  point  of  the  Wheel  will  be  moved  by  a  right  line  parallel 
between  the  extreams  AD,  L  Y.  In  like  manner,  the  pointy 
L,  or  any  other,  will  be  moved  only  by  a  circular  motion,  if 
the  Centre  of  the  Wheel  O  be  altogether  immovable,  to  wit, 
L  will  be  moved  by  the  arch  L  K  e,  &c.  A,  by  the  arch  A  T, 
&c.  alfo  the  point  N  will  be  moved  by  another  arch  of  a  lelfer 
circle,  &c.  Since  therefore  the  Wheel  is  moved  together  by  the 
motion  of  the  Centre  towards  E,  and  by  the  motion  of  the 
Orb  from  L  in  Q_  and  from  Qin  A,  &c.  the  point  L  will  be 
moved  with  a  mixt  motion  from  both,  to  wit,  of  the  Centie, 
and  of  the  orb,  that  is,  of  right  and  Circular  j  which  may  be 
faid  of  any  other  point,  the  centre  excepted. 


P  ROP  OS.  II. 

Any  point,  except  the  Centre  of  the  for  ef aid  Wheel,  or  globe, 
deferibes  a  crooked  line,  which  is  not  circular. 

Fk.  109.  TOR  example,  take  the  point  L,  and  that  you  may 
V  <ret  the  line  which  it  deferibes,  divide  the  arch 
of  the  quadrant  L  Qjn  as  many  equal  parts  as  you  pleafe,  fup- 
pofe  three,  L  K,  K  A,  HQ;  alfo  divide  the  line  ot  the  plane 
A  D  into  fo  many  equal  parts,  to  wit,  three,  then  the  point 
L  having  paft  over  the  firft  part  of  the  arch  L  K,  it  it  were 
moved  only  by  the  motion  of  the  orb,  it  will  be  in  K  5  but 

2  if 
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/ it  were  moved  only  by  the  motion  of  the  centre  it  would  be 
Jn  V,  therefore  let  the  right  line  M  I  be  parallel  to  L  Y,  and 
let  K  1  be  equal  to  L  K,  or  A  B,  ■without  doubt  the  point  L 
will  be  in  I  j  For  the  motion  of  the  orb  gives  L  K,  or  M  K 
but  the  motion  of  the  Centre  gives  L  V,  or  K  I.  In  like  man¬ 
ner^  in  palling  overthe  arch  KH,  the  fame  point  L  will  be  in 
G,  if  you  take  H  G  equal  to  AC,  or  L  V,  and  parallel  to  L  Y  • 
For  the  motion  of  the  orb  gives  L  H,  or  N  H,  and- the  motion 
of  the  centre  gives  A  C,  or  L  V,  which  is  equal  to  H  G,  Sly 
m  pairing  over  the  arch  H  Q,  the  point  L  will  be  in  E,  to  wit  if 
QiE  be  taken  equal  to  A  D,  or  L  Y,  for  the  motion  of  the  orb- 
givesLQs  orOQ^and  the  motion  of  the  Centre  gives  A  D,orLY. 

Secondly,  rake  the  point  A,  and  that  you  may  have  the  line- 
which  it  defcribes,  divide  in  like  manner  the  arch  of  the  qua* 
drant  AZ  into  3  equal  parts,  to.  wit,  in  T'and'Y,  then  in- 
palling  over  the  arch  A  T,  if  the  point  A  be  moved  only  by 
the  motion  of  the  orb  it  will  be  in  T  ;  but  if  it  be  moved  only 
by  the  motion  of  the  Centre  it  will  be  in  B,  therefore  if  yott> 
take  TS  equal  to  AB,  the  point  A  will  be  in  S.  In  like  man 
ner,  in  parting  over  the  arch  T  Y,  if  the  point  A  Ihould  be- 
moved  only  by  the  motion  of  the  orb,  it  would  be  in  Y-  but 
if  it  Ihould  be  moved  only  by  the  motion  of  the  Centre  it- 
Wm^k  kp  m  C,  wherefore  if  you  take  Y  R  equal  to  A  c’  it 
will  be  in  R.  Laftly,  in  parting  over  the  arch  Y  Z,  it  will’ be 
m  P,  if  fo  be  you  take  Z  P  equal  to  A  D. 

From  hence  it  appears,  that  thofe  are  Curve ,  or  crooked' 
lines,  and  yet  not  circular  j  wherefore  fome  call  them  bv 
a  proper  word,  Whirling-lines 3  you  may  call  them  as  you 


Alfo  by  this  you  fee  that  the  point  L,  which  is  oppofed  to  - 
the  point  ofContaft  A,  is  fo  moved,  that,  the  motion  of  the- 
01b,  being  added  to  the  motion  of  the  Centre,  for  each  motion- 
is  in  the  antecedent,  but  nevenhelefs  the  point  of  con  raff  A 
is  lo  moved  that  the  motion  of  the  orb  is  taken  away  from  the 
motion  of  the  Centre ,  for  the  motion  of  the  Centre  is  in  the* 
antecedent,  but  the  motion  of  the  orb  is-  in  the  Confequenr 
notwuhftanding  becaufe  the  motion  of.  the  Centre,  is  greater 
than  thd  motion  of  the  orb ,  it  follows,  that,  the  point' A 
Simply  and  abfolu.teiy  will  be  moved  in -the  antecedent,  to  wit 

towards  D,  neither  will  it  wholly  go  back  ;  to  wit,  it  will  be 
moved  towards  D,  only  fo  much, as  is  the.  difference  X  S,  be¬ 


tween 
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tween  the  motion  of  the  orb  A  T  or  K  T,  and  the  motion  of 
the  Centre  A  B  of  S  T. 

Alfo  take  notice  that  the  point  L  defending  in  the  arch  L 
will  be  fo  moved  that  the  motion  of  the  orb  adds  to  the  mo¬ 
tion  of  the  Centre,  the  right  lines  of  the  arches  it  p  iles  over. 
So  the  motion  of  the  orb  L  K,adds  the  right  fine  M  X,  to  the 
motion  of  the  Centre  K  I  or  L  V ;  and  the  motion  of  the  oib 


L  H  adds  the  right  fine  N  Hv  to  the  motion  of  the  Centre  H  G 
or  L  V,  &c.~  But,  never  thelefs  the  point  A  oppofite  to  the  point 
4  to  wit,  the  point  of  Contact  with  the  plane  is  fo  moved  in  - 
the  arch  A  Z,  that  the  motion  of  the  orb  takes  away  the  right 
fines  of  the  motion  of  the  Centre  ,-fo  the  motion  of  the  orb 


AT,  takes  away  the  line  T  X  from  the  motion  of  the  Centre 
T  S  or  A  B,  to  which  T  S  is  equal.  But  now  the  point  Z  is  fo 
moved  through  the  arch  Z  Lin  afcendingghat  the  motion  of  the 
01b  adds  the  verfed  lines  to  the  motion  of  the  Centre;  thus  the 
motion  of  the  orb  of  the  arch  Z  d ,  adds  the  verfed  line  Z  e,  to 
the  motion  of  the  Centre  D  F,  wherefore  if  you  take  Df  equal 
to,  A-  B,  the  point  Z  in  pairing  over  the  arch  Z  d  will  be  in  f,  , 
iikewife  in  palfing  over  the  arch  Z  it  will  be  in  gy  for  the. 
motion  of  the  orb  adds  the  verfed  fine  Z  m,  to  the  motion  of 
the  Centre  AC,  equal  to  which  h  g  being  taken,  and  in  run¬ 
ning  through  in  the  arch  Z  4  will  be  in  Y, for  the  motion  of  the 
orb  adds  the  verfed,  fine  HO  to  the  motion  of  the  Centre  L  Y 
moreover  the  oppofite  point  Q^fo  defends  through  the  arch  , 
(4 A,  that  the  motion  of  the  orb  takes  away  the  verfed  fines 
from  the  motion  of  the  Centre  y  fo  in  palfing  over  the  arch 
nr  the  verfed  fine  Qj,  is  taken  away  from  nr,  which  is  put 
equal  to  the  motion  of  the  Centre  A  B,  and  fo  the  point  Qwill 
be  in  r ;  but  in  palfing  over  in  the  arch  Qj>,  the  point  Qjvill 
be:  in  B,  to  wit,  p  b  being  taken  equal  to  the  motion  of  the  * 
Centre  A  C,  for  it  takes  away  the  verfed  fine  QJ  ;  Laftly,  in 
palfing  over  the  arch  QA  it  will  be  in  D,  and  fo  the.  verfed  : 
fine  QjO  will  be  taken  away  from  the  motion  of  the  centre 


A  D.  '  ..  ; 

Hence  you  eafily  fee  the  defcription  of  lines,  which  each  point  , 
of  a  circle  runs  over  being  roled,  or  turned,  on  a  plane.  Alfo  > 
you  fee  the  line  which  the  point  L  defcribes  in  defending,  that  c 
h  to  anfwer  the  line  L I GE,  and  is  equal  to  the  line  Z  tg  Y,  de- 
fcribed  from  the  point  Zin  afcending;  and  the  line.  A  S  R  P  de~ 
faib.edfrom  the  point  A,aniwers,  and  is  equal  to  the  line  Qr  b  D , 

defcribedj 
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defcribed  from  the  point  that  afcending,  but  this  defcend- 
ing. 

Hence  alfo  it  is  that  the  points  L  and  Z  are  moved  moft 
fwift,  but  the  points  A  and  Qjnoll:  flow ;  and  the  point  L  is 
moved  Swifted  of  all  in  the  beginning,  afterwards  more  Howdy : 
But  the  point  Z  by  inverfe  proportion  is  moved  Howdy  in  the 
beginning,  and  fucceffively  more  fwift.  In  like  manner  the 
p  rint  A  is  moved  Howell  of  all  in  the  begining,  afterwards 
fucceffively  more  fwift,  but  the  point  Qby  inverfe  proportion 
is  moved  more  fwift  in  the  beginning,  and  in  the  end  moil 
flown  Wherefore  all  the  points  indeed  are  moved  with  un¬ 
equal  motion,  while  they  run  over  the  quadrant  3  bi  t 
the  whole  quadrant  being  compleated,  the  motion  of  the  point 
L,  and  of  the  point  Z  come  to  be  equal,  fo  alfo  the  motion  of 
the  point  A  and  of  the  point 

Moreover  you  fee  the  Centre  O  to  be  moved  fwifter  in  the 
beginning  than  the  point  of  Contadl  A,  but  in  the  end  more 
flow,  and  the  fpace  which  the  point  O  difpatches  from  O  in  C, 
is  greater  than  the  fpace  which  the  point  A  difpatches  from 
A  in  P.  ‘  ; 

Alfo  you  fee  that  no  point  is  moved  with  an  equal  motion, 
except  the  Centre,  but  by  an  accelerated  or  a  retarded  motion; 
fo  that  from  two  op  polite  points  one  is  moved  with  an  accelerate, 
motion,  as  the  point  A,  but  the  other  with  a  retarded  motion, 
as  the  point  L. 

At  length  if  you  take  the  point  B  45;  degrees,  that  is,  wdiich 
difpatches  the  greateil  fpace  of  all,  for  the  motion  of  the  Cen¬ 
tre  O  S  equal  to  A  D,is  added  to  the  motion  of  the  orb  from  B 

Fig.  no.  Thirdly  take  a  point  within  the  Circumference, 
fuppofe  the  point  F :  And  that  you  may  find  the  line  w  hich  it 
defcribes,  make  the  Circle  F  4,  G  9,  and  divide  the  quadrant 
F  4  into  3  equal  parts  ifvarked  in  the  points  2,  3,  Then  while 
the  motion  of  the  orb  comes  to  2,  the  motion  of  the  centre 
A  B  or  2,  5  is  added  to  the  fine  2,  1  of  the  arch  F  2:  In 
like  manner  while  the  motion  of  the  orb  comes  to  3,  the  mo¬ 
tion  of  the  centre  A  C,  or  3,  6,  is  added  to  the  right  fine  H  3. 
Lafliy  while  the  motion  of  the  orb  difpatches  the  quadrant  F  4 
and  comes  to  4,  the  motion  of  the  Centre  (^7,  is  added  to 
the  right  fine  QjQ,  and  defcribes  the  line  F  5,  6,  7:  In  like 
manner, by  what  hath  been  faid,  you  may  eafi ly  find  the  other 

lines 
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lines  which  the  other  points  of  the  fame  leffer  circle  contain'd 
within  the  greater  defcribe.  So  the  point  4  defcribes  the  line 
4  M  H  P,  while  the  verfed  fine  4  R  is  taken  from  the  modon 
of  the  Centre  ABpr  LM;  and  the  fine  4,  5,  from  the  mo¬ 
tion  of  the  Centre  A  C  or  T  N  j  and  lafily  the  veiled  line  4  O 
from  the  motion  of  the  Centre  AD  or  G  P. 


P  R  0  P  0  S.  III. 

A  leffer  Wheel  included  in  a  greater  is  fo  moved ,  that  in  it 
the  motion  of  the  Centre  is  greater  than  the  motion  of  the 
Orh . 

FOR  while  the  motion  of  the  Orb  is  made  through  the  whole 
quadrant  F  4,  the  motion  of  the  Centre  is  made  through 
the  whole  right  line  O  V>  which  certainly  is  greater  than  the 
arch  of  the  quadrant  F  4.  In  like  manner  the  motion  of  the 
orb  through  the  quadrant  4  Gds  lefs  than  the  fame  motion  of 
the  Centre  O  V  3  But  how  each  point  of  the  quadrant  4  G  an- 
fwers  each  point  of  the  plane  G  P,  upon  which  the  quadrant 
of  the  leffer  wheel  is  underftood  to  move,  when  the  plane  is 
greater  than  the  quadrant,  is  that  famous  difficulty  which  ob¬ 
tains  the  name  of  Arifiotlc  s  Wheel,  becaufe  Ariftotle  hath  pro- 
pofed  it  in  his.  24^.  queftion  of  Mec  han't  cks,  which  Blanc  amts  hath: 
explicated,  and  Merfennus ,  Galileus ,  Cabens ,  Fabrus ,  and  others 
have  expofed  to  view. 


V  ~  f  \ 

P  R  0  P  0  S.  IV. 


The  difficulty  of  Ariftotle’s  Wheel, /to  is,  the  motion  of  the 
leffer  Wheel  when  this  is  directed  by  the  motion  of  the 
greater, and  the  motion  of  the  greater ;  when  this  is  direct — 
ed  by  the  leffer,  is  befl  folved  and  unfolded  from  the  na¬ 
ture  of  this  Circular  motion,  fo  far  as  Phyfically  Tis  com 
founded  of  many  right  lines ... 

LEt  the  Wheel  be  A  C  H  infilling  on  the  plane  Q  E,  whofe. 

./radius  is  A  C,  and  within  this,  another  Idler,  fuppofe  it 
fubduple,  A  D  B  is  included,  whofe  radius  is  A  B5  and  let  the 
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plane  C  E  be  equal  to  the  arch  of  the  quadrant  C  H,  fo  that 
while  it  is  turned  upon  the  plane  C  E,  each  point  of  the  arch 
anfwers  each  point  of  the  plane 3  When  therefore  the  Idler 
Wheel  in  this  motion  is  carried  away  by  force  by  the  greater, 
furely  the  point  D  will  come  to  F,  wrhen  the  point  A  will  come 
to  G,  that  is,  the  radius  A  D  will  meet  with  G  F. 

Therefore  the  whole  difficulty  will  depend  on  this  iffiue,  that 
B  F  will  be  double  the  arch  B  D,  if  fo  be  the  points  of  the 
arch  B  D  ought  fucceflively  to  correfpond  with  the  points  of 
the  plane, or  of  the  line  B  F,or  each  point  of  the  arch  B  D  anfwers 
each  point  of  B  F,  or  each  point  of  BC  anfwers  two  of  B  F,  or 
the  altern  points  BF  by  skips  remain  wholy  untouch t;  for  neither 
doth  any  thing  elfe  feem  to  remain  which  can  be  faid  in  truth  none 
of  thefe  ought  to  be  faid:  For  if  it  be  faid  in  the  firft  place,  tha»t 
there  is  fo  many  points  in  the  arch  B  D,as  there  are  in  the  line  B  F, 
which  cannot  be  faid,lince  this  is  doubly  greater  than  the  arch: 
But  if  it  be  faid  fecondly,  that  each  point  of  the  arch  B  Dcor- 
refponds  to  two  points  of  the  line  B  F,  it  follows  that  the  plane 
C  E,  is  double  the  arch  C  H,  when  notwithftanding  they  are 
fuppofed  equal  3  for  when  the  points  B  C,  are  in  the  fame 
radius  A  C,  if  the  point  C  touch  .the  point  of  the  plane  next 
following  towards  E,  it  will  not  be  perpendicular  to  the  plane 
C  E.  Surely  A  B  when  it  touches  the  point  of  the  plane  B  F 
in  B,  and  is  perpendicular  to  the  plane,  alfo  A  C  which  is  fup¬ 
pofed  a  right  line  will  be  perpendicular  to  the  plane  C  E,  which 
is  parallel  to  the  plane  BF:  Therefore  it  toucheth  not  the 
plane  in  any  other  point  than  in  C, which  if  it  fhould  touch  it 
-would  be  alfo  in  the  other  next  following  point  3  therefore 
every  point  of  the  arch  C  H,  touches  two  points  of  the  plane 
C  E,  therefore  the  plane  C  E  will  be  double  the  arch  C  H. 
Moreover  it  cannot  be  faid  that  the  altern  points,  or  every  o- 
ther  point  of  the  plane  B  F,  are  toucht  as  it  were  by  leaps,  and 
not  the  other  intermediate  points,  for  at  the  fame  time  in  which 
’  fome  point  of  the  plane  C  E  is  touch t  anfwering  the  untoucht 
poiut  of  the  plane  BF,  feme  point  of  the  arch  B  D  without  doubt 
touches  the  plane  B  F,  therefore  it  touches  the  point  of  the  plane 
B  F, which  correfponds  to  the  point  toucht  by  the  greater  Wheel 
in  the  plane  C  E,  for  if  it  fhould  not  touch  theCentre  A,  ought 
to  be  elevated  above  the  line  A  G,and  confequently  the  greater 
'Wheel  Will  not  touch  the  plane  C  E, which  is  againft  the  fuppo- 
■fition  3  therefore  no  point  of  the  plane  B  F  remains  untoucht. 
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Moreover  this  difficulty  hath  great  force  againft  thofe  authors 
who  affirm  that  a  body  may  be  compounded  of  Mathematical 
points,  whether  finite  or  infinite,  as  may  appear  to  the  confide¬ 
nce,  concerning  which  I  (hall  fay  no  more  at  this  time. 

Neither  can  it  be  falved  by  thofe  who  admit  proportional 
parts  to  adt  infinitly 3  for  while  they  fay  the  point  of  Contact 
may  be  made  in  an  undetermined  part  they  fpeak  unconceiv- 
ably  3  for  fince  the  point  of  Contadl  is  real  and  lingular,  I  can¬ 
not  fee  how  it  can  be  indeterminate,  which  if  it  be  determi¬ 
nate,  that  is,  in  this  place  and  not  in  another,  than  it  becomes 
determinate  in  this  parr,  and  not  in  another 3  moreover  his 
fomerhing  which  touches  diftindi  from  all  that  which  touches 
not 3  but  to  touch,  and  not  to  touch,  are  contradictions,  and 
how  can  that  be  fomewhat  indeterminate  from  all  that  it  touches 
not  ?  Add,  that  there  is  no  part  in  the  plane  B  F,  whether  de¬ 
terminate,  or  indeterminate,  which  remains  untoucht 3  how 
then  does  each  part  of  the  arch  B  D  anfwer  each  part  of  the 
Plane  B  F,  wffien  there  are  as  many  more  in  that,  as  in  this? 

Some  recur  to  the  greater  velocity  whereby  one  Wheel  is 
moved  than  the  other,  but  if  they  fpeak  concerning  the  motion 
of  the  Centre  *tis  falfe,  for  there  is  one  and  the  fame  Centre 
A  to  each  3  but  if  they  fpeak  of  the  motion  of  the  orb  they  do 
not  evade  the  difficulty  by  that,  for  the  queftion  is,  why  the 
arch  B  C  although  it  be  moved  flower  than  the  arch  C  H, 
neverthelefs  it  is  meafured  by  an  equal  fpace,  which  fucceffive- 
ly  touches  the  w7hole. 

Father  Faber  recurs  to  the  incommenfur ability  of  the  plane, 
to  wit,  of  a  right  line  with  the  arch  of  a  Circle, for  he  fays, -that 
although  the  right  line  C  E  be  fuppofed  equal  to  the  arch  C  H, 
notwithftanding  they  can  by  no  means  agree  ^  howfoever  they 
are  divided  ;  but  I  ask  whether  they  conlift  ot  an  equal  number, 
of  points,  fureiy  fince  they  are  equal,  they  mull  at  leal!  con¬ 
fift  of  an  equal  number  of  points,  to  wit,  of  Phyfical  ones  3 
or  then  all  are  touche  by  the  arch  B  D,  or  feme  remain  un¬ 
toucht,  and  fo  the  difficulty  returns  :  He  fays,  the  points  of 
the  plane  B  F  are  right,  or  freight,  but  the  points  of  the  arch 
B  D  are  crooked  3  and  although  a  right  point  be  equal  to  a 
crooked  point,  and  although  one  whole  point  is  toucht  by 
another  point,  yet  notwithstanding  they  are  not  toucht  alike, 
becaufe  the  extenfion  of  the  one  is  not  analogous  with  the. 
extenfion  of  the  other,  and  he  alleadges  an  example. 
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It  may  be  obiefted  againlt  this  explication  in  the  firft  place  - 
freely,  that  each  Phyfical  point  compofmg  a  Phyfical  and  real 
plane  may  be  made  ;  B  F  is  a  right  line,  but  each  point  com- 
poling  the  periphery  of  the  Wheel, or  the  arch  BD,or 
Fig,  i  ii.  C  H  is  crooked,  for  why  cannot  the  fame  points  of 
fubftance,  or  matter,  which  compofe  a  fuperficial 
plane,  compofe  a  crooked  plane?  Moreover,  when  a  rod  of 
Iron,  or  a  plate  of  metal  is  made  crooked  by  bending,  are  there 
not  the  fame  points, if  not  more.in  the  crooked  plane  after  bend¬ 
ing,  as  was  in  it  when  it  was  a  fuperficial  plane?  Secondly,  alfo 
if  we  admit  the  points  B  F  to  be  plane,  and  the  points  B  D  to 
be  crooked,  and  fo  thefe  touch  not  in  an  adequate  proportion 
each  point  of  the  plane  B  F,  neverthelefs  are  there  not  little 
vacancies  between  one  crooked  point  and  another,  which  for 
that  caufe  leave  untoucht  the  points  of  the  plane  A,  B,  C,  &c? 
Befides,that  thofe  crooked  points  touch  not  adequately,  to  wit, 
in  all  their  virtual  parts  the  plane  points  A  B  C,  doth  not  caufe 
that  in  each  infant  wherein  the  Wheel  is  moved^  by  the  mo¬ 
tion  of  the  orb,  the  new  crooked  point  of  the  Wheel  ought 
not  to  anfwer  to  the  new  point  immediateatly  next  to  that 
of  the  plane  j  if  fo  be.  the  point  of  the  Wheel  is  equal  to  the 
point  of  the  plane. 

The  fame  difficulties  occur  if  the  lefler  Wheef  be  concieved; 
to  be  fo  moved,  that  its  Periphery  be  equal;  to  the  plane  on 
which  it  infifts  3  for  then  the  greater  Wheel  will  be  fo  moved; 
that  its  Pheriphery  will  be  double  of  the  other  plane  which  it 
pafTes  over ;  as  if  the  Wheel  A  B  D  be  turned  upon  the  plane 
B  I,  and  fince  the  arch  B  D  is  equal  to  the  plane  B  I,  the  point 
D  will  arrive  in  I,  for  then  the  point  H  of  the  greater  Wheel* 
at  the  the  fame  time  will  arrive  in  L,  when  not withfanding 
the  arch  C  H  is  as  great  again  as  the  ptane  C  L  3  wherefore., 
each  point  of  the  plane  C  L  ought  to  anfwer  to  two  points  of 


the  arch  C  H.  .  >  t 

Befides  in  this  motion,  to  wit,  when  the  motion  or  the.. 

greater  Wheel,  is  govern’d  by  the  motion  of  the  Idler  Wheel, 
fomerhings  happen,  yet  more  lingular  ;  for  in  the  firft  place, 
fome  points  of  the  greater  Wheel  go  backward,  as  you  may  . 
fee  after, that  the  Centre  of  the  Wheel  A  is  come  to  K,  and  the 
point  Dis  come  to,  I,  the  point  H  will  be  in  L,  and  confe- 
quently  go  backward:  In  like  manner  the  point  of  Contaft  C 
voe^  bacKward  afcev  that  kis  come  to  M,  and.  confequently 
®  .  all 
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aII  the  points  of  the  Quadrant  C  H  go  backwards,  but  the 
middle  point  R,  chiefly  goes  backward  moll  of  all,  for  it  goes 
down  from  R  to  S  as  appears,  but  the  other  points  go  back¬ 
ward  here  and  there  lels  and  iefs  fucceflively. 

Secondly,  fome  points  neither  go  forward  nor  backward,  z ;/&. 
in  the  end  of  the  motion,  when  the  point  H  comes  to  L,  his 
diftant  the  fame  meafure  as  before,  from  the  fame  term,  viz. 
from  the  line  C  N  ;  So  the  point  X  will  be  in  Z,  and  the  point 
Y  will  be  in  V,  and  fo  in  the  end  the  motion  gains  nothing 
of  lpace  towards  P  ;  notwithflanding  Yis  to  be  obferved,  thac 
thofe  two  points  fometimes  go  forward  and  fometimes  back¬ 
ward,  fo  the  point  X  in  the  beginning  goes  forward  but  after 
wards  goes  backward,  but  the  point  Y  in  the  beginning  goes 
backward,  and  afterwards  goes  forward,  but  becaufe  they  go 
back  the  fame  fpace  as  they  go  forward,  they  acquire  no  fpace 
in  the  end  of  the  forefaid  motion. 

Thirdly,  all  the  other  points  of  the  arch  Y  QJ\T  X  go  for¬ 
ward,  that  is,  in  the  end  of  the  motion  they  have  acquired 
fpace  towards  P ;  fo  the  point  N  will  come  to  P,  the  point 
to  O,  the  point  T  in  b ,  &c.  neverthelefs  all  thefe  points  go  not 
always  forward,  as  appears  from  what’s  faid  in  the  1  Prop.  but 
becaufe  they  go  forward  more  than  they  go  back,  therefore 
in  the  end  of  the  motion,  it  appears  that  they  have  gone  for¬ 
ward  3  In  like  manner  we  will  fhew,  that  thofe  points  which 
are  in  the  arch  X  R  Y,  and  which  go  backward,  do  not  con¬ 
tinually,  or  always  go  backwards,  but  their  going  backwards 
appears  in  the  end  only,  becaufe  they  go  back  more  than  for¬ 
wards. 

Thefe  things  being  noted  and  obferved,  it  will  not  be  hard 
to  explicate  all  thofe  motions  according  to  our  doftrine ;  for  to 
that  which  is  the  chief  head  of  the  difficulty,  we  fay  we  ought 
not  to  confider  that  mixt  motion,  to  wit,  of  the  point  H 
(  while  the  whole  arch  C  H,  pafles  over  only  the  fpace  of  the 
plane  CL]  as  one  only  and  Ample  motion,  for  it  is  really 
many  and  various,  for  as  much  as  Yis  compounded  PhyficalJy, 
of  many  right  motions,  to  wit,  Yis  compounded  in  the  firft 
place,  from  thofe  right  motions  which  compound  Circular 
motion,  then  Yis  compounded  of  thofe  and  of  another  right 
motion,  becaufe  the  Centre  A,  common  to  each  wheel  is 
moved :  From  whence  it  comes  to  pafs,  that  the  point  H,  in 
the  motion  of  the  orb  from  H  to  C,  while  it  goes  backward 
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together  alfa,  while  it  goes  forward,  his  carried  by  the  centre 
A,  and  as  it  were  carried  away  by  force  towards  P  ;  notwith- 
ftanding  it  doth  not  go  forward  and  backward,  in  the  fame  Phy¬ 
sical  inftant,  as  Father  Cabevs  contends  for  in  his  book  of  Meteors , 
(  for  tis  impoftible  for  the  fame  movent,  to  be  moved  by  two  op- 
pofit  motions  together  )  but  fo  that  fome  Inftants  it  mu  ft  go  for¬ 
ward, and  in  others  backward,  which  mud  needs  be  faid  of  fome 
points,  as  X  and  T,  as  we  have  obferved  before,  to  wit,  if  the 
whole  time,  in  which  the  point  H  is  moved,  from  H  going 
dowm  to  L,  be  fuppofed  to  be  1 i  particles,  we  fay,  his  moved  y 
for  example,  $  of  thofe  parts  by  a  right  motion  from  H,  or 
from  A  in  P,  that  is,  by  fmall  parallel  lines  of  A  P  towards  P ; 
and  the  other  7  particles  to  be  moved  in  the  oppofire  part  in 
going  backward,  from  w  hence  it  comes  to  pafs,  that  when  the 
regreliion  is  greater  than  the  progreflion,  in  the  end  of  the 
motion  the  regreliion  only  appears,  to  wit,  when  it  comes 
in  L,  and  becaufe  thofe  particles  of  time  wherein  fometimes  it 
goes  forward  and  fometimes  backward,  in  each  fhort  time  are 
almoft  innumerable  and  infenfible,  becaufe  of  the  brevity,  and 
makes  the  progreftion  and  regrelfion  by  turns,  any  motion 
and  time  being  alligned  will  appear  only  in  the  end  of  the  pro- 
grelfion  if  it  be  greater,  or  only  in  the  regreliion  if  the  pro- 
grellion  be  lelfer. 

Hence  you  fee  nothing  hinders  but  that  the  points  of  the 
plane  C  L,  are  in  number  fubduple  of  the  points  of  the  arch- 
C  H,  when  notwithftanding  that  arch  pail'es  over  only  that 
plane  C  L  ;  for  by  the  method  explicated  by  us,  doth  two 
points  of  the  arch  very  well  fucceftively  touch  one  and  the 
fame  point  of  the  plane,  to  wit,  if  in  the  firft  inftant  the  point 
C  of  the  arch  C  H,  w'hile  the  arch  D  is  carried  by  the  centre. 
A,  touches  the  point  of  the  plane  C,  w  hich  in  the  anticedent 
inftant  it  touched  not  ;  and  in  the  fecond  inftant,  another  point 
of  the  arch  next  to  C,  touches  that  fame  point  of  the  plane  C, 
while  the  motion  of  the  orb  goes  backward,  and,  as  I  may  fay, 
creepeth  upon  that  point  C:  Then  again  in  the  third  inftant, 
the  third  point  of  the  arch  touches  the  fecond  point. of  the. 
plane,  and  in  the  fourth  inftant,  the  fourth  point  of  the  arch 
cyeepeth  upon  that  fame  fecond  point,  &c. 

But  it  may  be  faid  that  cannot  be,  becaufe  the  centre  A 
ought  to  afcerd  upon  the  line  P  A',  I  fay,  this  is  abfur’d,  if  the 

motion, 
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motion  and  the  circle  be  confiderd  Mathemaricallv,  but  not  if 
it  be  confidered  Phyfically,  for  it  afeends  and  defeends  always 
infenfibly 3  and  that  by  fome  fmall  part  of  the  plane  only,  ar.d 
the  com preilion  and  tendon  of  the  wheel,  without  which  it 
cannot  be  Phyfically  moved  upon  the  plane,  as  will  clearly  ap¬ 
pear  from  what  follows. 

Therefore  all  occasion  of  Error  proceeds  fi oin  this,  that  they 
would  apply  to  Phyfical  motion  and  Phyfical  quantity,  a  mo¬ 
tion  Mathematically  confidered,  or  quantity  and  the  nature  of 
a  circle,  which  is  not  given  after  a  manner  conceivable  3  more¬ 
over  they  confider  the  motion  of  the  point  H,  by  the  crooked 
line  from  H  in  L,  all  one  as  if  it  were  one  only  motion,  when 
notwithftanding  "its  manifold  and  divers 3  like  as  they  confi¬ 
der,  for  Example,  the  form  of  mixt,  as  it  were  one  Ample  form 
diftindt  from  the  forms  of  thofe  Elements  compounding  the 
mixt,  when  neverthelefs  *tis  not  fomething  abfolutely  diftindt 
from  them,  but  only  in  the  manner  as  l  fhali  fhew  in  its  place 3 
wherefore  alfo  that  mixt  Motion  may  truly  be  confidered  as 
one  Ample  motion  by  one  only  crocked  line,  becaufe  the  recti¬ 
tude  of  the  fmall  parts  of  which  Tis  compounded  is  not  fen- 
Able,  like  as  the  leaft  particles  of  Elements  are  not.fenfible  in 
mixt  5  but  notwithftanding  Tis  truly  compofed  of  the  morion 
of  the  final  left  right  lines,  fince  in  nature  there  cannot  be  given 
a  motion  perfectly  circular,  as  is  fhewn  before. 
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A  Glole ,  or  Wheel,  while 'tis  moved  upon  a  plane ,  whether 
Horizontal ,  or  inclined \  is  moved  by  a  mixt  motion  of  a 
circular  and  a  right ,  and  is  determined  according  to  a 
circular  motion  from  the  impediment  which  is  in  the  con~ 
tatt  of  the  plane  on  which  ’ tis  moved . 


Fig.  1 1 2.?T'Hat  ’tis  moved  with  a  mixt  motion,  appears  from 
X,  what  hath  been  faid  ;  and  that  the  circular  moti¬ 
on  about  the  centre  arifes  from  the  impediment  in  the  point 
of  Contact  3  to  wit,  from  fome  refiftance  and  rubbing  of  the 
plane  is  proved,  becaufe  the  circular  motion  is  not  the  natu¬ 
ral  by  Prop.  4,  Therefore  it  ought  to  arife  from  fonuhing  with¬ 
out  5,, , 
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our;  but  circular  motion  as  fucb,  is  caufed  from  impediment 
only  iucceffiveiy  determining  new  Impetus's  by  new  tangent 
lines ;  but  in  our  cafe  when  the  centre  is  not  impeded,  but  is 
alfo  moved,  it  cannot  be  an  impediment  to  the  centre,  nor  to 
any  thing  that  adhears  to  it,  fince  nothing  there  is  without  it, 
therefore  ’tis  impeded  from  the  plane  only.  Secondly,  ’ris 
proved,  becaufeif  any  one pufh  forward  the  Globe  A  by  a  pufh 
tending  from  C  to  D,  in  a  line  parallel  to  the  plane  B  E,  the 
Globe  neverthelefs  is  turned  on  the  plain  while  it  goes  forward 
in  E,  but ’tis  rolled  in  vain,  unlefs  it  fullers  foine  refiftance  in 
the  contact  B;  for  why  is  not  the  whole  moved  by  a  right 
motion,  if  fo  be  its  impetus  is  impreft  by  a  light  line,  and  pa¬ 
rallel  to  the  plane  BE? 

You  will  fay ’tis  eafily  moved,  if  it  be  moved  by  the  mixt  mo¬ 
tion,  from  the  right  motion  of  the  Centre  and  the  circular  of 

•  the  orb,  but  why  is  it  moved  fo  eafily  ?  Moreover  the  Centre 
A,  doth  not  more  approach  to  the  Centre  of  the  Earth,  by  this 
that  the  Globe  is  moved  circularly,  for  ’tis  always  diftant  to 
the  Semidiameter  A  B,  in  the  Horizontal  plane  B  E :  And  the 
impulfe  when  it  is  by  the  right  line  C  D,  is  eafier  deftroy’d  if 
the  Globe  be  moved  by  the  motion  of  the  Centre,  together 
with  the  motion  of  the  orb,  than  if  it  be  moved  only  by  the 
motion  of  the  Centre  3  yea,  ’tis  eafier  deftroyed  if  it  be  moved 
by  both  motions  than  by  one  only ;  but  chiefly  becaufe  the 
motion  of  the  orb  is  not  meafured  from  that  Impetus  by  a  righ  t 
line,  but  only  by  the  motion  of  the  Centre. 

You  will  Gy,  when  it  defcends  by  an  inclined  plane,  it  de~ 
fcends  eafily,  if  it  be  moved  together  by  the  motion  of  the  orb: 

•  For  fince  in  this  cafe  the  Centre  of  gravity  is  without  the  line 
of  direction  towards  the  end  of  motion,  ’tis  determined  from 
its  Centre,  or  from  its  gravity  to  fuch  motion. 

I  anfweig  neither  in  this  cafe  ought  the  motion  of  the  Orb 
to  move,  if  there  be  no  refiftance  of  the  plane,  for  the  reafons 
are  mutter’d  up  ;  for  by  this  that  ’tis  moved  with  a  circular  mo¬ 
tion,  it  comes  not  nearer  the  centre  of  the  Earth,  nor  to  the 
end  of  motion,  for  by  how  much  the  motion  of  the  upper 
points  are  accellerated,  by  fo  much  the  motion  of  the  lower 
points  are  retarded  by  that  motion  of  the  Orb,  as  appears  by 
what  is  faid  3  therefore  fuch  motion  is  in  vain,  when  no  im¬ 
pediment  is  taken  away,  for  Impetus  a  bis  only  to  take  away 
impediment,  as  is  often  faid  3  therefore  if  there  be  no  impe¬ 
diment 
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diment  in  the  point  of 'contact,  why  doth  the  Globe  always 
infilling  in  the  fame  point  on  the  plane,  creep  not  on  the  plant- 
Doth  not  the  tmpetus  s ,  whether  they  be  violently  imprefl  on 
the  Horizontal  plane,  or  by  their  natural  gravity  on  an  incli¬ 
ned  plane,  obtain  their  end  in  the  fame  manner,  yea,  eaber,  as 
is  laid  P 

Surely  if  a  Globe  be  ftript  of  all  gravity,  and  then  receive 
Some  impulfe  from  without  by  a  right  line,  and  fhould  this 
Globe,  be  in  a  vacant  place,  or  in  fuch  a  place  wherein  it  fuf- 
fers  no  relillance  to  motion,  or  no  more  in  one  part  than  in  a- 
Bother,  there  would  be  no  reafon  why  it  fhould  move  by  the 
motion  of  the  Orb,  but  it  would  be  moved  only  by  the  mo¬ 
tion  of  the  centre,  by  a  line  determined  from  the  imprefl  Im¬ 
petus,  whatfoever  the  fame  be,  whether  Horizontal,  or  inclin¬ 
ed,  or  Perpendicular;  for  why  fhould  it  rather  move  in  one. 
part  than  in  another. 

You  will  fay  from  the  forefaid  Experiments,  that  .while  a 
Ball  is  thrown  through  the  Air,  ’tis  moved  w'ith  a  double  mo¬ 
tion,  to  wit,  of  the  Centre,  and  alfo  of  the  Orb  ;  and  yet  in 
the  Air,  there  is  no  rubbing  or  Scratching  with  the  plane,  nor 
no  impediment ;  yea,  it  feems,  if  the  refinance  which  is  of. 
Air,  ’tis  equal  about  the  Ball,  that  therefore  it  fhould  not  move 
rather  in  o‘ne  part  of  motion  of  the  Orb  than  in  another. . 

I  anfwer,  the  Ball  thrown  is  often  fo  thrown, ,  that  at  the 
fame  time  wherein  the  Impetus  is  imprinted  before  tis  fe  pa  rated 
from  him  that  throws  it,  is  not  imprinted  by  one  right  line  on¬ 
ly,  but  many  Impetus’s  are  imprinted  fucceffively  by  many  lines 
which  compound  fome  crooked  line,  for  the  Aim,  or  that 
which  calls  the  Ball,  while  it  calls  it,  is  not  moved  by  a  right 
motion,  but  by  a  circular,  that  is,  the  Ball  being  Separated 
from  the  Arm,  while  thofe  Impetus's  are  propogated  in  it,  and 
new  ones  produced  by  the  fame  lines,  the  Bail  muft  neceflariiy 
be  turn’d  roundabout  its  centre.Hence  it  is  that  oft-times  alfo  a 
Ball  is  a  little  turn’d  about  its  centre,  if  it  be  call  by  one  con¬ 
tinued  impulfe  by  a  right  line,  as  you  may  obferve:  Befides 
that  ’tis  always  but  little  turn’d,  becaufe  ’tis  never  made  fo  * 
Spherical  and  perfect,  but  the  Air  refills  more  one  part  than  a- 
njther ;  add,  that  if  it  be  not  truly  Homogenious,  or  all  alike, 
fo  that  the  centre  of  the  figure  altogether  agrees  with  the  cen¬ 
tre  of  gravity,  fince  it  can  Scarce  be  call  by  that  precife  line; 
which  joins  each  centre,  if  it  be.  not  call. by  this  line,  and. even, 
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io  that  the  centre  of  gravity  be  right  before,  and  prcfently  is 
feparated  from  the  Thrower,  or  likewife  if  it  be  let  drop  free¬ 
ly,  and  falls  from  on  high,  it  turns  it  felf  until  the  centre  of 
gravity  be  placed  in  the  formoft  part  of  the  line  of  Direction, 
and  fo  ir  contains  the  impetus  of  rotation  which  is  likewife  pro- 
iecuted  towards  that  part :  And  this  is  the  reafon  why  things 
that  are  thrown, or  caff  through  the  air,  are  moved  with  a  mixt 
motion  of  right  from  the  Centre,  and  of  mixt  from  the  orb,  and 
alfo  of  thofe  that  fall  of  their  own  accords ;  hence  a  Cylinder 
whofe  heavier  part  declines  downward,  while  it  foils  of  its  own 
accord  from  on  high,  is  not  turned  about  the  Centre, but  fome- 
rimes  about  the  axis,  from  the  unequal  refinance  of  the  am¬ 
bient  air. 
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In  the  defending  of  heavy  bodies  on  an  inclined  plane ,  or 
through  the  tree  air,  the  motion  of  the  orb,  hinders  not 
the  motion  of  the  Centre . 

'Hf!  S  proved,  becaufethe  impediment  which  determins  the 
JL  Circular  motion  in  the  Globe,  is  not  in  its  Centre,  but 
in  the  Periphery,  to  wit,  in  the  conradl  with  the  plane,  or  in 
the  contabl  of  the  ambient  air  in  that  part  to  which  the  air  molt 
rdifts  ;  and  this  impediment  hinders  indeed  the  motion  of  the 
whole  Globe,  and  at  the  fame  time  determines  in  it  the  Cir¬ 
cular  motion  j  but  that  circular  motion  hinders  not, nor  retards 
the  motion  of  the  Centre,  which  is  like  manner  tends  down¬ 
wards,  whether  the  Globe  be  moved  circular  or  not. 

Hence  one  impetus  deftroys  not  another,  unlefs  when  the 
impediment  of  the  motion  of  the  Centre  deftroys  the  natural 
impetus,  and  the  inclined  plane,  or  the  air  while  it  hinders- 
the  motion  of  the  Centre,  and  deftroys  its  natural  impetus, 
produces  according  to  the  laws  of  reflexion  another  impetus 
by  the  tangent,  and  when  this  impetus  produces  fucceiitvely 
a  new  one  by  a  new  tangent,  it  makes  the  motion  mixt,  or 
really  double,  to  wit,  the  motion  of  the  Centre  and  of  the 
oib. 


And 
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And  you  may  obferve  in  motion  on  an  inclined  plane,  not 
only  the  motion  of  the  centre  to  be  accelerated,  but  alfo  the 
motion  of  the  orb,  becaufe  when  the  motion  of  the  orb  is  pro¬ 
duced  from  the  impetus,  by  the  reflection  from  the  direct: 
impetus, if  the  diredt  impetus  which  moves  the  centre  be  greater, 
the  reflected  impetus  is  alfo  greater. 

Alfo  you  may  obferve  in  this  motion  all  the  parts  to  move 
with  unequal  motion, as  may  be  gather’d  from  what  has  been 
faid  3  from  whence ’tis  confirm’d  again, that  they  are  not  moved 
by  an  intrinfick  principle,  for  this  would  be  alike  efficacious, 
or  powerful  in  every  part  and  fo  would  produce  an  equal  ef¬ 
fect  in  them  ail. 

Hence  you  pay  gather  the  reafon  of  the  Experiments  fol¬ 
lowing,  in  which  this  mixt  motion  appears  from  the  righc 
and  circular  about  the  proper  Centre,  or  Axis. 

Experiment .  I. 

Play  Boys  make  ffiort  darts  with  a  point,  in  one  end  whereof 
there  is  a  flit  cut,  and  paper  folded  like  a  fourfold  wing,  and 
put  intoit,  while  this  quavers,  or  ffiakes,  the  point  goes  be¬ 
fore,  and  the  paper  fo  hinders  the  deflexion  that  ’tis  the  caufe ' 
that  while  the  dart  tends  rightly  to  the  mark,  ’tis  turned  to¬ 
gether  about  the  proper  axis :  The  reafon  this,  becaufe  the 
air  while  ’tis  ftruck  by  thofe  wings,  refills  the  motion,  which 
otherwife  would  carry  the  dart,  by  a  right  line,  and  it  qua¬ 
vers  to  and  again  and  hits  on  the  fides  of  the  Wings,  and  this 
certain  reflexion  together  with  the  dart,  is  converted  into  a 
circuit,  lince  this  motion  is  eafy  to  the  dart  and  hinders  not 
the  right  motion  3  the  fame  may  be  faid  of  an  arrow. 

Experiment .  IT. 

The  like  Vhanomma  you  may  obferve  in  thofe  flirting  reeds, 
which  Boys  alfo  play  with,  for  they  fix  3  or  4  feathers  into 
wood,  or  a  bony  ffieath,  which  while  they  ftrikc  the  air,  they 
force  that  wood  or  Cylinder  to  turn  it  felf  about  its  proper 
Axis  3  out  if  it  be  furniflit  with  only  one  feather,  this  circular 
motion  will  not  be  3  iikewife  if  any  feather  be  broke,  or  not 
enough  fever’d  from  the  other,  the  circular  motion  ceafes :  But- 
ii  the  feathers  are  much  fever’d  from  each  other,  the  motion 
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is  (lower,  vl&.  as  well  the  right  motion  of  the  axis,  as  alfo 
the  circular  motion  about  the  axis :  And  the  featheis  ought  to 
be  fb  fitted  riling  from  the  bottom  to  the  top  a  little  bent,  and 
made  crooked  increafing,  the  fevering  or  parting:  1  he  reed  or 
little  Cylinder  of  wood  always  goes  before  in  the  motion,  and 

the  motion  of  the  Axis,  afcends  more  fwift,  and  the  circular 
motion  about  the  Axis  lefs  fwift  j  moreover  after  theafcent  tis 
turned  downwards,  and  the  Axis  defcendswith  a  flowei  mo¬ 
tion  than  before  it  afcended,  but  with  a  fwifter  motion  about 
the  Axis:  And  the  reed,  or  little  Cylinder,  ought  to  oc  fhoit 
and  weighty,  efpecially  in  the  end  that  goesfoimou,  and  the 

feathers  mu  ft  not  be  too  long.  -  . 

Like  to  thisr  is  that  motion,  which  boys  running  make  with 
a  double  flick,  furnifht  with  a  veil,  and  as  it  weie  a  little  milk 
turning, about  the  centre,  which  is  fixt  to  the  moveable  Staff, 
or  Stick,  for  thofe  veils,  while  they  run  in  the  air  concieve  a 
converfion  and  circular  motion,  which  is  joined  with  a  right 

motiono  .  .  c  n.  r 

The  reafon  of  this  ExperiwMt  appears  thus,  m  the  hrlt  place, 

that  reed,  or  little  Cylinder,  furnifht.  with  feathers  goes  before 
with  a  right  motion,  becaufe  tis  heavier  and  endued  with  a 
greater  impetus,  and  therefore  leads  the  featheis  whole  motion 
the  air  refills  more  y  and  in  refilling  it  comes  to  pals  that  they 
are  refledled  from  themfelves,  and  fo  turned  about  in  achcuir 
together  with  the  little  Cylinder.  From  the  aii  then  i  effecting,,, 
the  impetus  of  the  Feathers  is  imprinted  fucceflively  by  a  new 
tangent,  and  from  this  impetus  the  leathers  are  turned  about,, 
anSith  the  feathers  the  Cylinder,  or  reed,  but  the  Cylinder, 
or  reed  turns  not  the  feathers  as  a  certain  Author  luppoles,  to 
wit  the  right  motion  of  the  reed  is  not  retarded  immediately, 
hut  the  right  motion  ol  the  Feathers,  which  becauie  they  are 
Ij„ht,  have  not  fufficient  Impetus  to,  overcome  the  refinance 
of  the  air,  but  mediately  and  cor.fequently  the  right  motion 
of  the  reed  is  retarded,  and  determin’d  to  the  motion  about, 
the  Axis  from  the  like  motion  of  the  featners;  hence  it  by 
chance  the  feathers  fall  off  from  the  Cylinder  in  the  way,  the 
Cylinder  or  reed  makes  a, certain  longer  fpace,  becaufe  it  hath 
not  the  impediment  of  the. right  motion  from  the  featheis,  hut 
as  yet  ’tis  turned  about  its  proper  axis  for  home  little  time  by 
the  circular  Impetus  precondeved,  which  is,  not  prelentiy  de- 
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Secondly ,  ’tis  turned  about  the  axis  to  that  part,  to  which  the 
feathers  fuffer  the  lead  refiftance  of  air,  for  if  the  air  fhould 
equally  refill  all,  there  is  no  reafon  why  they  fhould  be  turned 
rather  in  one  part  than  another  ;  herxe  they  ought  to  be  fo 
fitted,  that  they  may  Strike  the  air  unequally  3  which  will  be 
if  they  are  feperated  or  divided  unequally,  and  then  the  mo¬ 
tion  about  the  Axis  will  be  Swifter. 

Thirdly ,  one  feather  only  will  not  do  becaufe  it  hinders  the 
motion  but  little,  neither  is  there  in  it  an  unequal  refiftance  of 
the  air,  of  which  Ifpake;  wherefore  there  are  required  two 
feathers  at  leaft,  but  three  are  better,  becaufe  they  lefs  hinder 
the  turning  about  the  Axis. 

Fourthly ,  if  the  feathers  are  not  feperated,  the  reed  is  turned 
about  the  Axis  little  or  nothing,  becaufe  the  air  refills  them 
but  little  j  but  if  they  are  much  feperated,  ’tis  moved  flower 
by  the  right  motion,  or'Axis,  but  fwifter  by  the  motion  about 
the  Axis;  notwithftanding  if  they  are  too  much  feperated, 
the  motion  alfo  about  the  Axis  is  flower,  becaufe  too  much  re¬ 
fiftance  of  air  retards  or  hinders  each  motion  ;  wherefore  the 
feathers  ought  to  be  fo  fitted,  that  they  do  not  impel  the  air 
with  their  whole  fuperficies,but  divide  it  by  the  edge  as  it  were 
to  cut  it.  #  J 

Fifthly ,  if  the  feathers  are  fitted  in  a  right  manner  that  they 
be  neither  too  much  feperated,  nor  too  clofe,  but  a  little  bow¬ 
ed,  with  a  moderate  and  unequal  refiftance  of  air  which  their 
edges  divide  ;  then  the  motion  of  the  reed  &bout  the  Axis  is  not 
only  fwifter,  but  alfo  the  reed  is  projected  further,  becaufe 
the  feathers  are  more  eafily  broke  off  from  the  reed,  and  a  lit¬ 
tle  refiftance  of  air  with  feme  inequality  fuffices  to  the  motion 
of  turning  about  the  axis,  fince  this  motion  is  eafy. 

Sixthly ,  It  afcends  fwifter  while  ’tis  extended,  than  it  de- 
fcends  afterwards,  as  appears  clearly  j  from  whence  that  is 
confirmed  which  we  have  (hewn  before,  that  heavy  things^ 
naturally  defcending  do  not  increafe  with  the  fame  kind  of 
velocity,  whereby  the  velocity  of  the  fame  thingscaft  or  thrown, 
decreases  while  they  afcend,  and  although  both  in  the  afcent 
and  defcent,  the  reed,  or  cylinder,  goes  before  the  motion  of 
the  Feather  ;  hence  while  it  afccnds,  becaufe  the  Impetus  in  the 
beginning  is  greater  of  the  Feathers,  which  are  flexible  while 
they  fuffer  the  refiftance  of  the  Air,  they  contrail  themfelves, 
whence  it  comes  to  pafs  that  they  cut  the  Air  the  eafier,  and 

Y  z  therefore 
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therefore  the  reed  afcends  the  fwifter,  but  his  Icfsfwiftly  turn'd 
about  the  Axis 3  but  while  it  defcends,  becaufe  it  acquires  a 
Idler  Impetus,  the  Feathers  make  a  greater  fpreading  that  it  may 
move  oftner  about  the  Axis. 

Seventhly ,  If  the  Reed  be  lighter,  it  cannot  contain  fo  much 
Impetus,  which  eafily  overcomes  the  refinance  of  the  Feathers  • 
wherefore  that  it  may  hold  out  at  length,  fo  much  Impetus  is 
required,  that  the  Feathers  cannot  draw  themfelves,  unlefs 
from,  a  great  refinance  of  Air  they  happen  to  be  very  much  con¬ 
tracted,  which  while  they  are.,  it  cannot  be  moved  about  the 
Axis. 

Eighty,  If  it  be  longer,  his  harder  turn’d  round  the  Axis, 
becaufe  it  eafily  /hakes  to  and  again 3  but  the  Feathers  cannot 
together  hinder  the  fhaking,.and  imprefs  the  circular  impetus  to 
the  Reed  /halting. 

Ninthly,  If  the  Feathers  are  longer  than  needful;  they  hin¬ 
der  the  right  motion,  or  if  they  are  likewife  too  broad;  or  too 
much  feparated,  or  if  they  are  too/hort,  and  much  contracted, 
they  are  not  determined  to  motion  about  the  Axis,  for  the  rea- 
fons  aifigned  3  wherefore  care  mud  be  taken,  as  well  to  the 
length  as  the  breadth,,  and  reparation  refpedtively  to  each  o- 
ther  between  themfelves,  and  to  the  gravity,  or  levity,  length, 
or  /hortnefs  of  the  Reed,  or  Cylinder. 

Tenthly  and  Eafily,  the  motion  of  the  bearing,  and  about  the 
Axisismixt  of  a  triple  motion,  one  whereof  is  from  the  vio¬ 
lent  Impetus  while  it  afcends,  another  from  the  gravity,  and  the 
/third  from  impetus  by  reflected  motion,  fuccelfively  by  divers 
tangents  whereby  the  circular  motion  is  effefted,  and  from  all 
thefe  motions,  refults  the  fpiral  motion  as  is  manifeft,  and  a 
fpire  is  conceived  about  a  crooked  Cylinder,  which  pofiefies 
the  whole  place  of  air,  or  the  way  which  the  Reed  fuccelfive- 
ly  Occupies. 

Hence  his  eafy  from  what  has  been  laid,  to  determine  the 
lines  which  are  deferibed  by  each  point  of  the  Reed,  and  alio 
of  the  Feathers  3  in  which  alfo  fame  trembling  motion  always 
intervenes. 


Alfo  a  reafon  appears  of  the  motion  of  the  double  faff  co- 
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more  fwift  about  the  Centre,  and  flower  by  the  motion  of  the 
Centre. 
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A  reafon  may  he  given  why  a  little  Wheel,  or  little  Glole , 
Being  prefl  againft  a  Talk ,  is  fir  ft  thrift  forwards,  hut 
afterwards  turns  it  felf  lack  again  upon  the  dalle . 

:  1  '  \  S  ■  a.  :  :  ’•  ’***•--  '  .  *5  i  •  7  9  ••  f  ■ 

'  t  i  •  i  .  ' 

THe  reafon  is,  becaufe  while  his  ftrongly  prefl  again  the 
Table  under  it,  this  refills  that  in  the  point  of  comaft, 
and  while  at  once  the  Impetus  is  impreft  forward  by  the  retrafili- 
on  of  the  Finger,  neve  contacts  are  made  in  other  points  often 
times*  that  therefore  it  conceives  a  circular  motion  contrary 
to  that  whereby  his  moved,  if  the  Impetus  be  only  impreft  for¬ 
wards  Horizontally  j  hence  his,  that  while  it  runs  forward,  ar 
the  fame  time  his  moved  circularly  about  the  Centre,  by  the 
motion  of  rotation  back  again,  <vm .  towards  the  Finger  j  and 
becaufe  that  circular  impetus  continues longer  than  a  right  one,, 
this  ceafng,  the  other  continues  and  compleats  its  effect,  and 
fo  the  Globe  turns  back  again  j  for  it  cannot  be  turn'd  about  its 
centre,  while  it  refts  upon  the  Table,  unlefs  at  once  it  be  mo¬ 
ved  with  a  right  motion  of  the  centre  towards  the  fame  part  by 
the  reliftance  of  the  Table  in  the  point  of  contact,  where  you 
fee  this  motion  truly  to  proceed  from  feme  reflection,  for  the 
impetus  impreft  backward  after  that, is  fo  weak  /  for  his  weak- 
ned  from  the  refiftance  of  the  plane  Table )  that  it  cannot  over¬ 
come  the  reliftance  which  is  in  the  point  of  contact,  from  the 
Tables  refilling  his  fomewhat  reflected,  and  when  the  circu¬ 
lar  impetus  continues,  whofe  effect  is  ealily  obtained,  neither 
can  it  be  obtain’d  but  that  it  muft  role  back  again,  therefore 
his  no  wonder  that  it  retroceeds. 

Therefore  his  falfe,  that  any  impetus  can  perfevere  without 
the  motion  which  exacts  it,  as  Father  Cabens  would  have  it  y 
for  a  little  Globe,  or  little  Wheel,  is  always  moved  with  a  cir¬ 
cular  motion  about  its  centre  towards  the  extrudent,  in  the- 
fame  time  wherein  the  motion  of  the  centre  tends  forwards  ^ 
yea,  I  have  obferved  diligently,  that  if  fometimes  one  touch 
a  Globe  while  it  runs  forwards,  it  will  not  role  about,  its  pro¬ 
per- 
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Per  centre,  bur  creep  upon  the  Table,  which  it  always  touch¬ 
er  h  in  the  fame  point,  then  the  Globe  reflects  not,  nor  goes 
back. 

And  ’tis  to  be  obferved,  that  while  the  Globe  tends  for¬ 
wards,  the  morion  about  the  centre  is  yveajk  and  flow,  to  wit, 
becaufe  the  right  motion  upon  the  Table  in  a  manner  refills  the 
contact,  for  it  drives  out  the  motion  about  the  centre  into 
the  oppofite  part,  to  wit,  forward ;  but  the  impetus  ceafing, 
whereby  ’twas  moved  forward,  the  impediment  of  the  motion 
about  the  centre  ceafes,  yea,  it  acquires  a  new  determination 
to  this  motion,  to  wit,  from  the  reflection  of  the  planes  refi¬ 
nance. 

This  reafon  afligned  by  us,  appears  not  only  from  this,  that, 
as  I  laid,  the  Globe  is  not  rolled  back  again,  uniefs  it  be  roiled 
about  the  centre  alfo,  in  the  fame  time  which  it  runs  forward  3 
but  alfo  from  this  following  experiment. 

Experiment  III. 


Fig,  1 13.  Grafp  the  Globe  A,  fo  with  your  Fingers  about 
the  Pole  A,  and  the  other  oppofite  to  it,  that  you  may  imprint 
the  circular  impetus  about  thofe  Poles,  or  about  the  Axis  where¬ 
by  *tis  moved  from  E  through  H  to  G;  and  at  the  fame  time, 
caft  the  Globe  through  the  Air,  fo  that  it  goes  by  the  line  E  F 
C,  and  falls  upon  the  Horizontal  plane  in  B,  if  that  motion  a- 
bout  the  Axis  be  fwift  enough,  either  it  will  flay  in  the  point  of 
contact  B,  and  yet  it  will  be  turn’d  about  for  fometime  up¬ 
on  the  Axis  from  C  through  D  in  B,  or  alfo  many  times  *tis 
reverted  from  B  towards  G  upon  the  plane  3  where  it  appears, 
in  fo  much  as  the  Globe  is  determin’d  to  the  motion  of  ro- 
ling  back  again  upon  the  Table,  or  Pavement,  after  that  ’tis 
caff  or  thrown  forward  through  the  Air,  in  fo  much 
Fig,  1 1 4.  alfo  it  hath  the  motion  about  the  Centre,  while  it 

So  rKp  Air*  frit*  fmm  this  It  IS  tll2t 


is  borne  through  the  Air  5  for  from  this  it  is 
the  impetus  being  deftroved,  by  which  it  tends  forward,  while 
the  Globe  falls  on  the  pavement,  ’tis  neceffarily  from  thence  re¬ 
flected  back  again.  For  the  Globe  projected  in  the  Air,  pro¬ 
ceeds  by  the  line  A  B  C  D,  and  in  the  mean  while  is  turned 
from  B  towards  C  D  about  the  Centre  C,  while  it  touches  the 
Pavement  E  D  in  D,  according  to  the  laws  of  reflexion  it 

ought  to  reflea  in  F,  and  preceeding  further  to  the  fame  pan 
0  with 
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with  fo  much  impetus  as  DI;  but  if  that  impetus  be  final 
{  even  as  ’tis  when  the  line  C  D  comes  near  to  the  perpendi¬ 
cular  C  L  )  and  the  impetus  whereby  ’tis  moved  about  the  Cen¬ 
tre  be  pretty  ftrong,  this  prevails  over  that,  and  v. ! . i .c  it  pex- 
feveres  the  Globe  muft  needs  role  towards  E  upon  the  Pave¬ 
ment  ;  hence  it  does  not  always  go  back,  but  only  then  when 
the  motion  about  the  Centre  is  fwiit,  and  it  fans  upon  tne 
pavement  by  a  line  which  approaches  more  to  a  perpendi- 

€ular. 


P  R  0  P  0  S.  VIII. 

the  motion  of  a  Rope, or  of  a  Ball, or  Glohe,  faflned  to  the  end 
of  a  Rope  about  a  Cylinder,  is  a  Spiral  motion  compounded 

of  many  Circular. 

t  ‘ 

S Viral  motion  is  divided  into  many  kinds,  one  whereof  is 
when  the  motion  is  made  about  the  fame  Cylinder,  10 
that  the  circles  are  always  equal,  and  this  is  mixt  of  circular 
only  and  right:  Such  as  we  faid  was  the  motion  of  the  reed, 
or  Cylinder,  furni/ht  with  feathers  ;  and  of  the  double  ftaft 
provided  with  a  veil,  &c.  and  there  is  another  Spiral  motion 
alfo  which  is  made  about  the  fame  firm  centre,  out  by  cir¬ 
cles  or  wreaths  enlarged  or  leffened  fucceffively  more  and  more, 
or  departing  from,  or  approaching  to  the  fame  centre ;  more¬ 
over  there  is  another  Spiral  motion,  in  which  the  wreaths  are 
not  only  enlarged  or  leffened  fucceffively,  but  they  likewife  re¬ 
tire  from  the  former  centre,  to  wit,  it  always  changes  the 
centre,  and  this  is  mixt  of  many  circular,  and  of  the  right  mo¬ 
tion  of  the  centre ;  but  the  fecond  kind  of  Spiral  mo¬ 
tion  is  mixt  of  lefler  circles  only  fucceffively ;  the  firft  Fig.  i 1  ? . 
fpiral  motion  is  fhewn  by  the  figure  A  B,  the  fe- 
cond  by  the  figure  C  D,  the  third  by  the  figure  E  F. 

Thefe  things  being  fore-known,,  if  we  confider  the  motion ■> 
of  a  rope  about  a  Cylinder,  whether  the  rope  be  turn’d  about 
by  the  Cylinder  by  circles,  having  divers  centres  in  divers , 
points  of  the  Axis  of  the  Cylinder.,  if  it  be,  tis  a  fpiral  motion 
of  the  firft  kind  ;  but  if  the  motion  of  any  determinate  point 

in  the  rope  be  confider’d,  as  for  example,  the  er.d  of  theRope 
r  -  -  or. 
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or  the  Globe  annext  to  the  end  of  it,  then  either  it  may 
fo  be  turned  about  by  the  Cylinder,  that  the  fame  centre  al¬ 
ways  remains  in  the  fame  point  cf  -the  Axis,  and  then  it  ap¬ 
pears,  that  lince  the  radius  is  ftortned  fuccdlively,  from  that 
Globe  is  made  a  fpiral  motion'  of  the  fecond  kind,  which  is 
compounded  of  circular  motion  only,  for  there  may  be  per¬ 
ceived  fo  many  circular  motions,  although  not  perfect,  as  tl  ere 
are  wreaths,  or  rather  fo  many  new  determinations  to  new 
circular  motion,  as  there  are  conceived  Radius' s  one  fucceffive- 
iy  /hotter  than  another ;  or,  it  may  be  fo  turn’d  about  by  the 
Cylinder,  that  the  centre  is  changed  at  once,  and  then  the  mo¬ 
tion  of  the  Globe,  or  the  end  of  the  Rope,  will  be  a  fpiral  mo¬ 
tion  of  the  third  kind,  fuch  as  may  be  conceived  to  be  made 
about  the  Cone  E  F,  from  F  in  E,  which  appears  to  be  mixt 
from  a  right  motion  of  the  centre,  through  the  Axis  of  the 
Cone,  or  Cylinder,  and  of  many  circular  ones  intelligible  by 
Sence ;  for  it  cannot  truly  be  faid,  that  there  are  many  circu¬ 
lar  motions,  lince  none  makes  a  perfect  circle,  yea,  no  part  of 
that  fpiral  line  is  part  of  a  circular  line  ,  but  if  it  be  taken  as  a 
Email  part,  his  a  right  line  from  what  hath  been  faid  before  ; 
if  as  a  compounded  parr,  it  confifts  of  many  right  lines,  viz. 
of  many  Tangents,  ya  not  of  the  fame  circle,  but  of  divers  cir¬ 
cles  as  appears. 

Hence  his,  that  if  a  Cylinder  be  thicker,  and  a  Rope  of  the 
fame  length 'being  pur  on  it,  his  eafier  and  with  lefs  imprinted 
impetus  turn’d  about  by  the  Cylinder;  to  wit,  becaufe  the  parts 
of  the  circumference  of  the  Cylinder  are  thole  which  refill  by 
impuife  by  a- right  line  impieft  in  the  beginning,  and  by  the  im¬ 
pediment,  or  a  certain  reflection,  they  determine  to  new  and 
new  lines  oftentimes  ;  and  by  how  much  greater  the  circumfe¬ 
rence  is,  by  fo  much  the  lefs  frequent  is  that  new  determinati¬ 
on,  as  appears  from  what  has  been  faid,  and  fo  the  Idler  iw- 
r is  deiiroyed ,  as  that  which  is  moved  by  a  greater  circle 
is  lefs  wearied  or  tyred-  r  ?  r  - 

Secondly.,  It  appears  why  a  Globe  doth  not  afcend,  nor  is 
turn’d  about  by  a  Cylinder,  if  the  impetus  be  too  weak  in  pro¬ 
portion  to  the  thicknefs  of  the  Cylinder,  or  to  the  length  of 
the  Rope ;  for  although  it  be  fo  great  that  a  right  line  could  af¬ 
cend  to  that  height,  yet  while  it  often  fide  is  refinance  by  re- 
-.flections  and  new  determinations,  fis  much  abated. 

i  V  ?  y  < 
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Thirdly ,  if  it  be  once  turn’d  about,  it  effects  all  the  reft  of  the 
turnings  about  eafily,  becaufe  the  circles  are  fucceffively  Ieflened, 
andfo  the  motion  is  always  lelfer,  when  notwithftanding  the 
former  impetus  perfeveres  almoft  the  whole  time:  For  if  once 
the  imprinted  impetus  decreafes  lefs  than  the  wreaths  decreafe, 
one  of  the  greater  wreaths  being  finiftit,  the  other  lefler  are  alfo 
eafily  and  therefore  fwifter  accompiilht,  and  the  velocity  is 
increafed  proportionally  to  the  leflening  of  the  wreaths,  not  ab- 
folutely  but  comparatively  to  the  remaining  impetus,  fince  alfo 
here,  as  is  faid,  *tis  decreafed  or  Ieflened  fucceffively,  notwith¬ 
ftanding  lefs  than  the  wreaths ;  for  if  the  wreaths  and  the  im¬ 
petus  were  Ieflened  equally,  the  motion  would  not  be  quick- 
ned. 


P  R  0  P  0  S.  IX.  Fig-  ii  6. 

If  a  Glole, or  Wheel,  le  moved  and  turned  alout  on  a  crook¬ 
ed  fuperficies  which  is  immoveable ,it  makes  a  mixt  motion 
from  a  double  circular. 

LEt  the  crooked  fuperficies  be  A  BC,  upon  which  the  Globe 
B  D  is  turned  towards  C ;  while  the  point  E  comes  to  F, 
the  Centre  of  the  Globe  H  comes  to  G.  For  the  Centre  alone 
is  moved  only  by  a  circular  motion  through  the  arch  H  G I  3 
but  all  the  other  points  of  the  Globe  are  moved  circularly  by 
the  motion  of  the  Centre,  and  in  like  manner  alfo  by  a  circu¬ 
lar  motion  about  the  proper  centre,  or  axis. 

But  ’tis  to  be  obferved,  that  this  mixt  motion  may  be  confi- 
der’d  divers  ways,  for  the  crooked  fuperficies  on  which  the 
Globe  is  roled  is  either  convex,  or  concave  3  and  again,  the 
Globe  is  turned  either  on  a  greater  circle,  or  a  lefler,  or  an  e- 
qual  3  if  notwithftanding  the  Concave  be  equal  or  lefler,  the 
Globe, or  Wheel,  cannot  be  moved, as  appears. 

Moreover,  obferve  that  the  Globe  B  D,  whether  it  be  lefs, 
or  equal,  or  greater,  than  the  Wheel,  or  crooked  Superficies, 
on  which  ’tis  moved,  may  be  fo  moved  that  the  Line  of  the 
moveable  Globe  B  E,  which  fucceffively  touches  the  Circle 
A  B  C  is  equal  to  the  Line  BF,  when  the  point  E  comes  to  F3 
or  it  may  fo  be  moved  that  the  line  B  E  is  lefler,  or  Mly,  fo 
that  it  be  greater  than  BE. 
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Thirdly ,  the  forefaid  Globe  may  be  underftood  to  move  by 
the  motion  ol  the  Centre  towards  C,  and  in  like  manner  by 
the  motion  of  the  orb  towards  A,  to  wit,  fo  that  tne  point  B 
tends  to  E  and  D,  &c.  and  in  each  cafe  the  motion  of  the 
Centre  may  be  equal  to  the  motion  of  the  orb,  or  greatei,  or 
Idler. 

Fourthly ,  Note,  that  if  Copernicus  his  opinion  be  true,  that 
the  earth  is  moved  with  this  mixt  motion,  to  wit,  by  the  mo¬ 
tion  of  Centre  through  a  circle  of  the  greater  orb  about  the 
Sun,  and  by  the  motion  of  the  orb  about  the  proper  Centre; 
and  the  motion  of  the  Centre  fliouid  be  greater  than  the  motion 
of  the  orb,  according  to  the  common  opinion  concerning  the 
Diameter  of  the  great  orb,  which  the  earth  runs  through  in  one 
whole  year:  Where  alfoobferve,  that  every  point  of  the  fame 
parallel  Circle  are  moved  with  unequal  velocity ,  for  whe¬ 
ther  we  fuppofe  the  motion  of  the  orb  ar.d  the  motion  o*  the 
Centre  to  be  towards  the  fame  part,  fuppofe  towards  C,  when 
the  point  E  comes  to  F,  and  the  Centre  H  in  G,  the  point  B 
will  be  inE,  and  the  point  D  will  be  in  L,  wherefore  the  point 
of  Contaft  B  is  moved  flowed  of  all,  but  the  oppoflte  point  D 
fwifteft  of  all ;  that  anfwers  to  the  Nocturnal  meridian,  this  to 
the  Diurnal  meridian.  Or  whether  we  fuppofe  the  earth  to 
be  moved  by  the  motion  of  the  Centre  towards  C,  and  the 
motion  of  the  orb  from  B  in  E,  D,  ehv.  in  this  cafe  the  con¬ 
trary  happens,  to  wit,  the  point  ol  Contaa  B  is  moved  fwirteft 
of  all,  for  it  comes  to  L,  and  the  point  D  flowed,  for  it  comes 
to  E  ’  and  thefe  kinds  of  motion  of  divers  points  of  the  fame 
circle  will  be  flower, or  fwifter,  according  to  the  divers  propor¬ 
tions  of  velocity  of  the  motion  of  the  Centre,  and  the  motion 
of  the  orb,  neverthelefs  all  will  be  by  crooked  lines,  as  appears 

by  what  has  been  faid.  .  . 

Fifthly,  after  this  laft  manner,  fame  Epicicles  are  faid  to 
move  by  Aftronomers,  to  wit,  by  the  motion  of  the  Centre 
to  the  Eaft,  according  to  the  Series  of  the  Signs,  or,  as  they  fay, 
in  the  Confequent;  fuppofe  the  Centre  C  towards  A,  and  the 
Sapream  point,  or  the  Planets  Jpcgaum  D,  moved  in  the  op¬ 
pose  part  from  D  in  E  towards  the  weft,  and,  as  they  fay,  in 

the  Antecedent.  ,. 

But  fince  the  forefaid  motion  may  be  clivers  according  to 
the  divers  magnitudes,  and  proportions. of  the  Circles,  it  ap¬ 
pears  neverthelefs  from  the  doctrine  deliver  d  belore,  that  the 
‘  *  lines 
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lines  of  all  the  points  defcribed  by  the  motion  of  any  circle,  may 
be  determin'd  hewfo’ver  ’tis  moved  on  one  or  another,  which 
may  be  of  great  ufe  in  Aftronomy. 


P  R  0  P  0  S.  X. 

The  Spiral  motion  of  Spheres  may  be  explicated,  to  wit, 
when  a  Sphere  is  moved  by  a  motion  mixt  of  Right  and 
Circular,  or  of  two  Circular  ones . 

F/V.  n7.T?Or  in  the  firft  place,let  the  Sphere  B  C  be  moved  by 
6'  JT  its  centre  A  through  the  right  line  A  H,  and  at  the 
fame  time  turn  it  about  the  axis  B  C  ;  moreover  every  point, 
except  the  Poles  B,  C,  defcribes  Spiral  lines,  as  if  they  were 
Spires,  or  wreaths,  about  divers  Cylinders,  about  the  greater 
Cylinder,  truly  the  fpire  which  it  defcribes  is  from  the  point 
F  or  G.  but  about  the  Idler,  which  is  defcribed  from  the  point, 
next  to  the  Pole  C  or  B.  But  if  it  be  turned  about  the  Axis 
F  G,  or  any  other  oblique,  it  will  be  another  divers  mixt  mo¬ 
tion’  in  divers  points,  whofe  lines  may  eafily  be  found  by  the 
forefaid  doeh'ine. 

in  the  fecond  place,  let  the  point  G  be  moved  through  the 
arch  G  C,  and  at  the  fame  time  underftand  it  to  move  about 
the  A  xis  BC,  It  will  be  a  Sphasrical  Spiral -motion  mixt  of  a 
double  circular. 

Thirdly,  let  the  fame  point  G  =  be  moved  through  the  right 
light  line  G  C,  while  'tis  moved  alfo  about  the  Axis  B  C  ;  the 
motion  will  be  cor.icaly  Spiral,  mixt  o t  Right  and  Circular. 

Beiides  the  Spheric  Spiral  motion ,  there  may  be  made  another 
motion  Conoid  Spiral ,  to  wit,  if  a  Conoid  be  turn’d  about  one,  or 
about  the  other  Axis,  while  its  point  is  fomewhat  moved 
through  a  right  line;  and  ’tis  of  a  threefold  kind,  viz,,  either 
Elliptic,  or  'Parabolic,  or  Hyberbolic,  as  appears  by  Geometry,  and 
from  the  Medanick  defcription  of  thofe  figures. 
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In  the  motion  of  a  glohe  upon  a  plane >  a  three-fold  motion  may 
conjoined \  fo  that  it  may  he  mrxt  of  a  Right  and  two  Cir¬ 
cular  ones . 

^T^His  experiment  appears  from  the  game  at  Billiards  in  play- 
JL  ers  balls,  for  while  the  Centre  is  moved  through  a  right 
line,  and  the  other  points  about  the  Centre,  fuppofe  in  a  ver¬ 
tical  circle,  if  the  globe  either  by  oblique  reflexion,  or  by  a 
new  impulfe*  be  never  fo  little  turn’d  afide  about  the  Horizon¬ 
tal,  or  other  iine,  it  concieves  another  circular  motion  aifo  by 
that  line,  and  fo  befides  the  right  motion  of  the  Centre  there 
is  a  double  circular.  And  from  this  appears  the  reafon  of  the 
faid  plays 3  as  for  example, while  the  bail  is  moved  by  the  right 
motion  of  the  Centre,  and  by  the  circular  motion  of  the  orb 
together,  if  the  Chord  be  toucht  lightly  ’tis  turned  a  little  a 
fide  and  makes  another  circular  motion,  from  whence  it  follows 
afterwards,  that  the  leap  decieves  the  player,  becaufe  the  new 
circular  motion  acquires  a  new  determination  in  the  reflecti¬ 
on,  &c .. 


p  r  o  p  0  xrr. 

.  '  c 

A  Clohe y  or  fuch  like  lodyy  infiflinci  on  a  plane  cannot  move 
circularly  about  the  Penpendicular  Axis,  unlefs  at  the' 
fame  time  it  he  imprinted  by  a  double  impetus  in  oppofite ' 
parts .  Fig .  n  8.. 

LEt  the  Globe,  or  Top,  fuch  as  children  play  with  of  a 
(  Conoid  figure  be  A  B,  refling  on  a  plane  in  the  point  B, 
and  you  would  have  it  move  about  the  axis  A  Bin  an  Horizontal! 
circle  C  D  :  I  fay, it  cannot  fo  move,  unlefs  all  under  one  it  be 
impreft  3  or  forced  by  a  double  oppofite  impetus,  one,  for  ex¬ 
ample,  in  C  towards  the  right  hand,  and  the  other  in  D  towards 
the  left  hand  part 3  thejreafon  is,  becaufe  if  it  be  forced  by  one 

impetus 
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impetus  only  it  will  be  determined  to  one  only.rigln  line,  and 
(ince  there  is  no  impediment  fuppofed,  which  may  hinder  the 
Globe  that  it  fliould  not  be  moved  by  that  line,  it  will  be 
moved  by  it,  and  fo  be  turned  on  the  plane  in  the  vertical 
circle  AC  DB,  but  the  top  will  Fall  to  that  part  towards  which 
the  impetus  is  impreft.  But  if  at  the  fame  time  another  impe¬ 
tus  be  impreft  on  the  oppolite  part,  when  thefe  two  impetus’s 
are  not  by  the  fame  line, but  by  two  divers  lines  parallel  to  each 
other,  either  may  have  its  effect  by  chance,  and  when  one  at 
once  hath  the  reafon  of  the  impediment  with  refpcct  to. the 
other,  Ieafl:  the  Globe,  or-  top,  profecute  the  motion  by  right 
lines,  'tis  determined  to  circular  motion,  for  neither  can  thole 
two  impetus’s  obtain  their  effects  any  other  way  ;  hence  it  is, 
that  the  top  being  taken  by  the  head,  or  its  end  of  the  Axis  A, 
and  being  call  off  by  the  fingers  in  contrary  parts  we  make  it 
Spin,  or  turn  in  circuits;  and  it  perfeveres  this  circular  motion 
a  long  time,  becaufe  the  impetus  is  not  deftroyed  by  the  weight 
fince  the  top  is  in  Equilibria,  but  the  only  by  rubbing  with  the 
plane,  and  from  fome  refiftance  which  every  moment  changes 
the  determination  of  the  tangent  lines;  hence  the  fmoother  the 
plane  is,  and  the  /harper  the  point  of  the  top  is,  the  longer 
time  it  fpins,  or  profecutes  the  motion. 

But  when  we  wind  a  firing  about  the  top,  and  retain  the 
other  end  of  it  in  the  hand,  and  calling  it  from  us  it  fpins, 
then  in  like  manner  that  double  impetus  happens  in  the  oppo¬ 
lite  parts;  for  not  only  while  the  firing  D  li  unfolds,  doth  it 
draw  towards  us  the  point  D,  but  at  the  fame  time  with  the 
fame  firing  we  throw  the  top  from  us  like  a  fling ;  and  the  mo¬ 
tion  of  the  top  endures  longer  being  call  in  this  manner,  by  fo 
much  as  the  impetus’s  are  greater  and  the  firing  the  longer, 
becaufe  a  power  applied  remains  longer,  and  while  the  pro¬ 
ved  impetus  perfeveres  the  other  impetus  of  the  firing  being 
retraced  in  the  oppofite  part,  and  hindering  the  former  im¬ 
petus,  gives  many  new  determinations  to  new  and  new  tan- 

&  While  the  top  is  call,  it  makes  a  motion  mixt  from  the  right 
motion  of  the  centre,  and  of  the  Horizontal  circular,  as  appears, 
oralfo  of  another  right  motion  which  tends  downwards. 

Secondly ,  when  it  inlifts  on  a  plane,  if  the  fame  point  on  which 
it  infills  be  moved  only  by  a  circular  motion  about  the  axis, 
then  ’tis  laid  to  deep,  yet  in  truth  the  motion  of  the  Axis  is 

but 
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but  little  moved  about  the  Centre  of  gravity  which  is  in  the 
Axis  ;  but  becaufe  it  either  finds  it  on  the  plane,  or  makes 
hollow  fome  little  trench  of  it  felf,  this  trench  detains  the  Axis, 
lead  it  Ihotild  go  out  of  it,  unlefs  afterwards  the  Axis  begins  to 
incline  more. 

Thirdly,  thereupon  it  moves  always  by  a  motion  mixt  of  a 
circular  about  the  Axis,  and  of  a  circular  of  the  ends  of  the  Axis, 
fo  that  alfo  if  any  point  of  the  Axis  remain  immoveable, yet  the 
extream  points  of  the  Axis  defcribe  two  circles,  one  in  the 
plane,  the  other  in  the  air  above. 

Fourthly ,  fometimes  another  morion  of  the  whole  Axis  hap¬ 
pens  to  the  forefaid  motions,  which  is  carried  about  not  in  a 
perfect  orb,  but  fpirally,  the  Spires, or  wreaths,  fucceflively  more 
and  more  contracting  untill  it  begins  to  fleep  3  and  this  motion 
is  always  on  that  part  to  which  the  outer  portion  of  the  top 
by  its  motion  is  turned  about  the  Axis  ;  to  wit,  becaufe  this 
Spiral  motion  of  the  Axis  is  determined  from  the  circular  mo¬ 
tion  about  the  Axis;  you  fee  therefore  many  motions  in  a  top, 
one  about  its  Axis  in  an  Horizontal  circle,  another  of  the  fame 
Axis,  and  the  Spiral  of  the  Centre ;  laftly,  another  of  the  turn¬ 
ing  round  of  its  Axis  about  fome  of  its  points, by  which  motion 
of  turning  or  trembling  the  forefaid  little  circles  are  defcribed 
by  the  top  and  point  of  the  Axis. 

But  the  Impetus  of  the  orb  about  the  Axis  ceafing  after  that, 
•and  the  turning  about  and  the  inclination  of  the  Axis  prevail¬ 
ing,  the  Centre  of  gravity  fo  departs  from  the  line  of  direction, 
that  the  Impetus  of  the  orb  cannot  keep  the  Axis  ereCt,  the 
top  falls ;  and  then  becaufe  in  it  there  remains  as  yet  much  of 
the  former  impetus,  it  makes  ftill  fome  oblique  turnings  or 
Circuits,  which  although  they  feem  to  be  made  in  the  oppofite 
part,  yet  they  are  made  (if  you  attend  rightly  )  on  the 
fame  part  on  which  the  circular  morion  about  the  Axis  was 
made;  which  when  his  hundred  by  the  conraCt  of  the  Plane, 
therefore  afterwards  his  rolled  about  upon  the  Plane,  and  now 
is  more  moved  by  the  motion  of  the  Centre  which  before  was 
hindred  by  motion  of  the  orb,  or  that  from  this  you  may 
know  the  nature  to  be  loved  of  the  right  motion  of  the  Centre, 
but  not  of  the  orb  about  the  Centre. 
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YOU  fhall  fcarce  fee  any  ingenious  Engin  in  which  either 
circular  motion  doth  not  appear,  or  at  kail  that  which, 
mav  not  be  reduced  thereto,  notwithftanding  in  this, 
dace  Sail  treat  only  of  thofe  kinds  of  Engins,  or  Inventi¬ 
ons,  which  immediately  depend  on  the  Principles,  and  Doftrine 
of  Circular  motion  hinted  at  before. 

Problem.  I. 

to  make  divers  kinds  of  Wheels  commonly  ufe d  in  Engins, 

GEnerally  we  make  ufe  of  two  forts  of  Wheels,  one  where¬ 
of  is  furnifht  with  teeth,  and  the  other  hath  none;  thofe. 
that  have  none  are  Angle  Wheels,  and  Pulleys,  wnichare  - 
lowed  in  the  Periphery  for  the  Rope  to  move  in,  as  alfo  Wheels 
with  handles  to  turn  them  by :  And  the  firft  fort  of  ^  heek 
contains  as  many  kinds,  as  there  are  various  forms  of  teeth, 
which  I  think  fit  to  defcribe  in  the  foil  place,  for  the  better; 
underftanding  of  what  follows,  and  that  any  one  may  know 
how  to  make  choice  of  thofe  kind  of  Wheels  which  he  e- 

fteems  moll  fit  for  his  occalion.  .  , 

Teeth ,  or, as  fome  call  them,  Claws,  or  handles  turning  «>un  , 
their  chief  ufe  about  Wheels  is,  that  they  lay  hold  on,  or  bite 
each  other,  and  being  folded,  in  each  other  they  caufe  afreet- 
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procal  motion,  and  they  are  various  as  you  may  fee  in  Fig.  1 19, 
from  whence  the  names  of  thofe  wheels  are  divers. 

A  toothed  Wheel  is,  that  whofc  Periphery  fticks  out  with 
little  handles  endued  with  Semicylidric  form,  as  in  the  arch 
A  F,  or  a  plain  fided  Prifme,  as  in  the  arch  E  F. 

A  Fingered  Wheel  is,  that  whole  Periphery  is  garnilht  w  ith 
plain  Cylindrick  fmall  flakes,  as  in  the  arch  AB,  or  fomewhat 
like  Cylinders,  as  in  the  arch  B  C 

A  fharp  pointed  Wheel  is, that  whofe  Periphery  is  cut  in  with 
little  handles  turning  round  like  the  figure  of  a  point  of  a  Sword, 
or  of  a  tongue, as  in  the  arch  E  D  may  be  feen. 

A  Studded  Wheel  is,  that  in  whofe  Periphery  little  Spheres, 
or  Convex  Hemifphseres  are  difpofed,  or  the  Concaves  are 
made  hollow  anfwering  to  the  Convexes  in  the  other  Wheel, 
the  firft  parcel  referrs  to  the  arch  C  D. 

A  Starred  Wheel,  is  that  whofe  Circumference  is  furnifht 
With  three  fided  Prifmes  having  each  fide  equal,  as  in  the  arch 
GH. 

A  Snagged,  or  fawed  Wheel,  is  the  fame  as  the  former,  only 
with  this  difference  in  the  former,  the  triangular  fides  of  the 
Prifme  are  equal,  but  in  this  they  are  unequal,  as  in  the  arch 
G  N. 

A  helical,  or  ferew  Wheel  is,  that  in  whofe  circumference 
chanellings  or  grooves  are  made,  according  to  the  quantity  '  of 
the  angle  of  the  Axis  of  the  inclined  wheel,  whatfoever  figure 
the  fame  hath,  which  neverthelefs  are  reduced  to  four  kinds, 
Semicy  Undue,  as  in  the  arch  A  F,  Trigonal ,  as  in  the  arch  G  H, 
of  four  fides,  as  in  the  arch  K  L,  Trapezias,  or  unequal  4  fides' 
as  M  L. 

A  hooked,  or  crooked  Wheel,  is  that  which  hath  hooks  dif¬ 
pofed  in  its  circumference,  as  in  the  arches  H  K,  and  N  M  vou 
may  behold. 

^  21  with  refpefl  to  the  figure  of  their 

Wheels,  let  the  teeth  be  what  they  wifi;  for  Tome  are  called 
plain  Wheels,  or  Orbiculates,  in  which  the  bafes  of  the  Cogs  or 
Teeth  are  all  in  the  fame  plane others  are  called  Cm, vex  Cjlm- 
dric,  when  the  Cogs  are"  difpofed  in  the  outer  fupeificies  of 
the  Cylinder,  or  any  circle  thereof:  Others  aire called  Concave 
CylindrU ,  in  whofe  inner  Cjl'mdric  fiupeificks  the  fame  Cogs 
are  difpofed:  In  like  manner  fome  Wheels  are  called  Convex 
Conic,  others  Concave  Conic,  even  as  is  faidof  Cflindtit:  Laftly, 

a  Wheel 
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a  Wheel  without  teeth,  and  whofe  Periphery  hath  nothin^ 
flicking  out,  they  call  fmooth  or  even.  & 

Note,  that  all  the  kinds  of  teeth,  or  Cogs  deferibed,  or  any 
other  fuch  like,  may  be  made,  not  only  in  the  Periphery,  or 
outermoft  fuperficie  of  the  Wheel,  but  alfo  in  one  or  both  of 
the  lateral  fuperficies,  or  Circular,  or  Cylindric  bafes. 

Problem.  II. 

To  apply  W tights,  or  Powers  (  moving  ly  their  natural  gra* 
vity  )  to  Clocks ,  or  other  Engins . 

ALmoft  all  kind  of  Engins,  which  are  moved  by  inanimate 
Power,  are  ufually  made  with  fome  Wheel,  or  Cylinder, 
to  which  a  weight  being  hung,  while  it  endeavours  down¬ 
wards  by  its  natural  gravity,  it  moves  that  Wheel,  or  Cylinder, 
and  that  puts  the  other  parts  of  the  Engin  in  motion,  as  ap¬ 
pears  in  common  Wheel  Clocks :  And  weights  may  be  applied 
to  Wheels  many  ways,  which  we  will  unfold,  before  we ‘pro¬ 
ceed  to  the  making  of  the  Engins:  The  firft  way  of  harging 
weights  to  common  Clocks,  or  other  Wheels,  which  by  fome 
determinate  time,  being  placed  in  the  middle  and  impelling, 
ought  to  turn  them  round,  is,  that  one  end  of  the  Chord,  or 
Rope,  be  fixt  to  the  Cylindric  Axis  of  the  Wheel, and  the  other 
end  fufficiently  faftned  to  the  weight,  as  you  may 
precieve  in  the  Figure:  And  in  this  pradtife  you  Fig.  120. 
mull  beware,  that  the  Cylinder  be  not  wanting  to 
the  rope,  for  it  ought  to  have  only  fo  much  length,  that 
the  whole  Chord  may  be  turned  about  it,  for  if  the  rope  be 
twice  wound  about  the  fame  Cylinder,  that  is,  if  the  latter 
windings  of  the  Rope  fall  upon  the  former,  it  will  come  to  pafs 
that  the  formoft  motion  ( viz,,  while  that  pan  of  the  Rope  de- 
feends  which  is  wound  about  the  other  )  the  motion  will  be 
fwifter  than  that  of  the  latter,  tb  wit,  w  hile  the  remaining  part 
o t  the  Rope  defeends  which  is  immediately  wound  about  the 
Cylinder. 

The  fecond  way  is,  when  weights  are  hung  to  each  end  of 
the  Rope,  as  appears  in  the  Figure :  For  the  Rope 
A  BC  is  put  upon  the  Fully  D,  in  whofe  Periphe-  Fig.  12  1, 
ry  there  is  a  hollowing,  or  groove  cut  arching  fo 
that  the  Rope  may  lie  in  it,  and  recieve  firmly  in  it  the  draw- 

A  a  ing 
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ing  force  of  the  weight,  and  the  weight  A  mu  ft  not  defcen^ 
without  turning  the  Pulley  about,  and  confequently  raifes  thc 

weight  G. 

In  practicing  this  Artificers  are  commonly  miftaken,  for 
fome  in  the  forefaid  hollowing  of  the  Pulley  D,  make  6  or  8 
fharp  points  flicking  out  to  hinder,  lead  the  Rope  being 
drawn  by  the  force  of  the  weight  A  fhould  not  turn  about  the 

Pulley.  ,  ,.  , 

But  thofe  fharp  points  render  the  motion  ot  the  Pulley,  and 

fo  of  the  Clock,  or  other  engin,  altogether  unequal ;  others 
make  the  Cavity  or  hollowing  of  the  Pulley  narrower  in  one 
place,  and  wider  in  another,  from  whence  it  follows,  that  the 
Rope  being  unequally  diftant  from  the  Centre  makes  the  mo¬ 
tion  unequal.  ,  „  - 

Therefore  if  the  Rope  flips  without  turning  the  Pulley  thole 
fharp  points  may  be  ufed,but  a  greater  number  muft  be  affixr, 
and  they  ought  to  ftand  out  all  alike, and  equal  upon  the  Peri¬ 
phery  of  the  little  Wheel ;  which  may  be  performed  more 
fafely  if  you  glew  on  fome  little  balls  like  button  moulds  or 
beads  to  the  whole  Chord,  or  fix  them  in  fome  other  manner 
which  may  be  all  alike  and  equally  diftant  to  each  other ;  and 
in  the  Cavity, or  hollowing  of  the  Periphery  of  the  Pulley, make 
little  holes  or  cavities  right  with  the  fame  diftances,  which 
Cavities  muft  anfwer  the  little  buttons  or  beads,  and  receive 
them  within  them  one  after  another :  Some  inffead  of  thefe, 
tye  knots  in  the  rope,  being  equally  diftant. 

Fig.  ni.  The  third  manner  in  ufe  is,  when  the  fp ace  for 
the  defcent  of  the  weight  is  too  low,  or  ftiort,  or  of  too  few 
hours  5  or  if  it  be  fufficient,  we  would  notwithftanding  ex¬ 
tend  the  motion  of  the  clock,  or  dial,  to  more  houis.  For  then 
we  double  the  Rope,  which  may  again  be  done  in  a  twofold 
manner ;  felt,  one  end  of  the  Rope  is  fait  bound  to  fome  place 
A,  and  the  other  end  to  the  Axis,  or  Cylinder  E,  ot  the  Wheel, 
which  it  ought  to  go  about ;  as  for  example. in  D,  this  Rope 
ABD  fuftains  the  little  Pulley  C  with  the  weight  annext  to  it, 
and  this  whole  weight  together  with  the  little  Pulley  C  ought 
to  be  double  of  that  which  is  hanged  to  the  iingie  Rope;  alfo- 
the  Rope  may  be  triplicated,  quadruplicated,  &c. 
Fig.  hi.  if  there  be  added  above  and  beneath  other  Pulleys, 
’  hr  which  cafe  alfo  the  weight  may  be  in  like  man¬ 

ner  triplicated  or  quadruplicated,  c'c.  In  the  fecond  place  by 

the 
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the  double  Pulley  D,  C,  one  of  which  being  annexe  to  thc 
weight  C,  and  the  other  to  the  Counterpoife  D,  and  the  ends 
of  the  Rope  B  and  E  are  faftned  to  fome  firm  immovable  place ^ 
fo  while  the  weight  defeends  with  the  Pulley  C,  it  turns  the 
Wheel,  or  Pulley  A,  and  lifts  up  the  counterpoife  D, 

Fig.  1 24.  The  fourth  manner  is  by  a  continual  Rope,  dif- 
pofed  in  fuch  manner  as  the  figure  fhews,  in  which  A  is  the 
lowed  Wheel  of  the  Clock,  or  fuch  like  Engin,  or  the  pulley 
annexe  to  the  Wheel,  and  made  hollow  in  the  Periphery  to  re- 
cieve  the  Rope  firmly5as  we  have  faid  before.  B  is  another  Pulley 
like  to  the  former,  and  moreover  furnifht  «with  faw-like  teeth, 
and  with  a  pin  C  fo  faftned  to  the  fide  that  it  endeavours 
again  ft  the  teeth  while  the  weight  D  defeends,  that  the  Pulley 
a  be  not  turned  about  at  that  time  ;  but  the  Pulley  A  is  roled 
about  and  lifts  up  leifurely  the  counterpoife  or  weight  E  an¬ 
next  to  the  pulley  ;  where  you  fee  there  is  no  extream  head  of 
the  Rope,  but  it  is  one  continued  Rope,  and  put  into  the  Pul- 
lies,  whence  ’tis  called  perpetual  or  infinite.  When  therefore 
the  weight  D  defeends  to  the  lower  part,  and  the  weight  E  is 
carried  to  the  upper  part,  the  Rope  being  taken  by  the  hand 
in  F,  and  by  drawing  downwards  raifes  the  weight  D  again  and 
deprefTes  the  weight  E,  for  the  pin  C  endeavours  not  againfl: 
the  motion  of  the  Pulley  B,  but  alone  againft  the  oppofite 
motion. 

The  peculiar  conveniency  of  this  Rope,  and  the  application 
or  difpofition  of  the  weight  confifts  in  this,  that  in  the  fame 
fpace  of  time,  wherein  the  Rope  is  drawn,  and  the 
Fig.  125.  weight  raifed  to  continue  the  motion  of  the  Clock, 
the  motion  of  the  clock  is  not  interrupted,  as  hap¬ 
pens  in  others ;  for  alfo  while  ’tis  drawn  upwards  by  drawing 
of  the  Chord  in  F,  it  difeharges  its  office  in  enforcing  the  Pul¬ 
ley  A,  which  truly  is  of  great  moment  to  the  exa£t  perfection 
of  Clocks,  and  fuch  like  Engins,  and  the  knowledge  of 
time. 

Like  wife  you  fee  by  this  doubling  of  the  Rope,  that  the 
ftawnefs  of  the  weight’s  defeent  is  doubled  to  that  it  would 
have  by  a  fingle  Rope  ;  and  it  might,  if  need  were,  be  quadru¬ 
plicated,  and  be  made  greater  than  any  given  proportion.  You 
may  add  to  the  two  pulleys  A,  B,  another  Pulley  G,and  to  the 
Pulley  D  adjoin  another  little  Wheel  about  the  fame  Axis>  or  if 
divers,  join  it  at  lead  with  the  other  Axis.  Then  this  perpe- 
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tual'Rope  being  drawn  abour  all  the  Pulleys,' viz,.  ADGDBE A  ; 
for  £ b  thedefcent  of  the  weight  D  will  be  four  fold  flower,  and 
therefore  the  weight  ought  to  be  four  fold  greater,  yea,  and 
fomewhat  more,becaufe  of  the  much  rubing  of  the  Pulleys  w  ith 
the  Rope,  and  the  refiftance,  &c. 

Fig.  126.  The  fifth  manner  is  this, the  Pulley  B  is  underflood  to 
be  firmly  affixed  to  the  lower  Wheel  of  the  Clock,  the  other  A 
ftabliffied  fome where  commodioufly,  and  being  furniffit  with 
faw-like  teeth  with  an  Iron  Pin  to  endeavour  againft  the  weight, 
as  is  faid  before  j  from  the  perpetual  chords  of  thefe  Pulleys 
hangs  the  weight  H  in  the  little  concentric  Pulleys  EFG  and 
C  D  N,  one  of  which  is  conjoyned  immovably  to  the  other, 
and  both  together  about  the  common  axis  of  that  which  turns 
eafily :  Moreover  below  let  there  be  tw^o  Pulleys  K  and  L  con¬ 
joined  in  their  centers  to  the  common  beam  K  L,in  the  middle 
whereof  hang  the  weight  M.  About  thefe  and  the  former 
Pulleys  draw  two  perpetual  chords  by  this  artifice, the  fir  ft  Chord 
is  BLGFEGB,  to  wit,  fo  that  it  fold  about  the  Periphery,  or 
circuit  of  the  whole  Pulley  E  F  Gonee:  The  other  Chord  in 
like  manner,  mult  be  drawn  about  the  whole  Periphery,  of 
the  lefler  Pulley  C  D  N,  concentric  with  the  former,fo  that  this 
whole  Chord  be  ACNDCKA.  But  now  that  which  is 
faid  concerning  this  laft  Chord, and  the  pulleys  belonging  to  it, 
is,  that  it  ought  to  be  done  altogether  like  to  the  other,  bur 
placed  on  the  other  face  or  fide  of  the  Pulleys,  wEich  in  like 
manner  contains  a  certain  lefler  Pully  equal  to  CD  N,  flan  ding 
out  on  the  other  part  and  divides  the  Whole  office  of  holding 
or  bearing  up  with  the  others  wherefore  k  behoves  the  Pulleys 
A  and  K  to  be  alike.  * 

That  therefore  the  weight  H  be  drawm  with  its  Pulleys  on 
which  it  hangs,  you  muft  apprehend  the  Chord  A  K,  either 
alone  or  compared  with  another,  viz,,  in  E,  and  drawm  down- 
wards ;  for  fo  it  comes  to  pafs  that  the  weight  H  afeends,  yet 
in  the  mean  while  the  motion  of  the  Pulley  B  is  not  ftopt,  and 
consequently  neither  the  motion  of  the  Clock,  or  other  Engin  ; 
So  likewife  it  appears  in  this  method,  as  alfo  in  the  precedent, 
that  the  attraction  of  the  weight  may  be  continued  as  long  as 
you  pleafe  without  hindering  the  motion  of  the  Engin.  Laft- 
ly,  it  appears  in  this  laft  method  that  the  motion  downward  of 
the  weight  may  be  made  flow  according  to  any  given  proper- 

tion,, 
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tion,  to  wit,  in  that  proportion  which  the  diameters  of  the 
Concentric  pulleys  C  D  N  and  G  E  F  have  to  each  other  ;  and 
in  the  fame  proportion  the  weight  will  always  be  mcreaft. 

Problem.  III. 

To  appply  a  Spherical,  or  rolling  weight,  io  the  Wheels  of 
■  Clocks,  or  other  Engins,  by  finite  Chords,  as  well  as  by 
infinite  Chords, 

Since  oftentimes  it  is  necelfary  in  the  artificial  cor.ftrudlion 
of  Clocks,  and  other  Engins,  to  makeufe  of  Sphxrieal  or 
rolling  weights,  two  or  more  whereof  faceted  each  Other  mu¬ 
tually  to  continue  or  perpetuate  the  motion  or  the  Engin,  as 
will  appear  by  what  fhall  be  laid  ;  therefore  we  will  deliver  a 
double  method,  whereby  it  may  eafily  be  obtain’d. 

Fig.  117.  Firft,  it  may  be  done  by  a  perpetual  Chord,  or 
Thong  of  Leather  twilled ;  for  let  there  be  two  Pulleys,  or  fhort 
Cylinders  A  and  B,  A  being  fixt  to  the  loweft  Wheel  of  the 
Clock,  and  B  ftablilht  in  the  loweft  place  to  which  the  weight 
ought  to  defeend  ;  put  on  each  the  perpetual  chord  A  B  C  D  A, 
or  a  Thong  made  of  the  Hide  of  a  Beaft ,  then  take  another  Thong 
altogether  like  to  the  former  and  put  about  the  fameCylinders,or 
on  two  other  pulleys  parallel  to  the  former  and  diitant  from 
them  fo  much  as  is  the  diameter  of  the  Spherical  weight  D,which 
is  fufficient  to  turn  the  clock  or  Engin,  this  interval  of  the  double 
Thong  being  obferved,  ioyn  one  Thong  with  the  other  by 
ranks  of  certain  tranfverfe  Irons  lemicylindrical,  whofe  bales 
are  E  LI  I,  LMN:  And  they  are  eafily  connected  if  you  drive 
a  Nail  through  each  Semicyiinder,  and  the  Thong  which  folds 
about  it,  or  if  by  chance  the  Thongs  of  the  Semicylinders 
ftrain  in  the  middle,  it  will  make  a  Scale,  as  appears  in  the 
Figure  P  Q>  lb  that  the  Sphxric  weight  D  being  placed  between 
the  forefaid  degrees  will  be  fuftain’d  by  the  lower  pair  of  Cy¬ 
linders,  -viz,,  in  F.  But  that  thefe  kind  of  perpetual  Scales 
maybe  turn’d  about  with  the  Cylinders  A  and  B  with  an  uni¬ 
form  motion,  there  muft  be  made  hollow  Semicylindric  grooves 
or  Channelings  in  the  Peripheries  ot  die  CyLndeis,  in  wmciv 
are  received  the  convex  Semicylinder  of  the  Scale. 

If  the  Sphxric  weight  D  be  of  a  great  bulk,  the  Thongs  may 
be  made  of  double  or  triple  Leather  that  they  break  not,  or  in 
ftead  of  them  Iron  chains  may  be  ufed.  The 
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The  chief  ufe  of  this  perpetual  Scale  is  to  continue  the  motion 
of  the  Clock,  or  other  Engin  ;  for  after  that  the  weight  D  is 
defcended  to  the  loweft  part  G,  ’tis  C2ft  away  by  the  Scale, 
which  will  be  done  either  from  the  Pulley  B,  or  better  from 
fome  obftade  fitted  below  for  this  purpofe  ;  then  the  Globe 
breaking  out  from  the  Scale  in  the  lower  groove  G,  lifting  up 
fome  peftle  of  Iron  by  means  of  a  Thred  or  Chord,  opens  an 
entrance  to  the  other  Globe  in  the  upper  groove  E,  that  it  may 
fucceed  in  his  place  on  the  top  of  the  Scale;  but  the  forme* 
Globe  depofed  in  G  is  lifted  up  again  to  the  groove  E,  by  an 
artifice  which  we  will  Ihew  in  the  following  Problem ,  that  it 
may  again  defcend  by  the  Scale,  &c . 

Fig.  ix8.  Secondly ,  it  may  be  done  thus,  affix  the  Pulley  H  to 
the  loweft  Wheel  of  the  Engin,  which  ought  to  move  and  turn 
jeafily  about  its  Axis,  having  in  its  Periphery  Saw-like  Teeth 
with  the  Peftle  R,  which  being  fixt  in  fome  place  of  the  Wheel, 
and  fitted  with  a  plate  of  metal  preffing ;  put  the  Rope  L  H  K 
upon  this  Pulley,  faftning  to  one  of  its  ends  L  fome  little  Box  or 
Basket  wherein  the  Globe  may  be  received,  and  to  the  other 
end  K,  hang  a  weight  of  fuch  gravity,  that  it  may  draw  up 
the  Basket  free  from  the  Globe,  from  the  bottom  to  the 
top,  where  now  it  appears  in  the  figure,  which  thePeftle  R 
will  not  hinder,  which  hinders  only  the  oppofite  motion 
of  the  Pulley  H,  and  that  the  Globe  may  be  contain’d  within 
the  Box  or  Basket,  and  not  flip  out  of  it,  eredi  two  or  more 
rules  P  Qjmd  M  N,  &c.  But  after  that  the  Box  with  the 
Globe  is  defcended  to  the  bottom  QS,  the  Globe  muft  run  out 
of  the  Box,  either  by  mangling  the  rule  N,  or  by  the  declivity 
of  the  bottom  QS;  Laftly,  the  Box  or  Basket  being  freed  from 
ihe  Globe,  is  lifted  or  raifed  upwards  by  the  weight  and 
being  advanced  to  PM,  takes  in  there  the  other  Globe  equal 
to  the  former,  and  that  the  Clock,  or  other  engin,  may1  be 
kept  in  motion  while  it  is  let  down  in  Q^,  and  raifed  again  in 
M,  we  will  ftiew  by  and  by. 


Problem 


Book  IX.  Mechanic^  Powers.  *8$ 

Problem.  IV. 

To  convey  weights,  moving  an  Engin  up  to  the  upper  part,, 
after  their  defcent  to  the  l&voeft  part ... 

Fk.  127-THis  may  be  done  many  ways  ;,  fil'd,  by  the  pevpe- 
A  tual  Seale  defcribed  in  the  preceeding  Problem, 
for  if  you  underftand  a  Toothed  Wheel  joyned  to  the  Pulley  A, 
and  firmly  adhearing  to  the  fame  Axis,  if  then  this  toothed 
Wheel  be  moved  together  with  the  Pulley  A  by  anyfuper- 
ftru&ure,  or  any  other  way  from  the  power  impelling  the  Su- 
pream  Wheel,  or  part  of  the  Engin,  and  the  motion  be  made 
from  A  towards  C,  the  Globe,  or  weight  D,  will  be  railed 
gently  from  the  bottom  to  the  top,  whence  it  devolves  again 
to  animate  the  Clock, or  other  Engin,  by  the  artifice  explicated. 

in  the  precedent  Problem.  _ 

Secondly,  the  Artifice  in  the  fame  third  Problem,  explicated 
in  the  fecond  place  may  eafily  be  applied  to  the  drawing  Sphe¬ 
rical  weights, from  th@  bottom  to  the  upper  moll  part.  For 
let  there  be  a  toothed  Wheel  ABC  to  which  there  may 
be  others  made  according  as  the  thing  requires ;  place  the 
Pulley  D  E  on  the  axis  of  this  Wheel  on  which  a  Rope  being 
put,  let  one  end  of  it  fuftain  the  Spherical  weight  P  within  its 
Box  or  Basket,  and  on  the  other  end  hang  the  Counterpoife 
N,  a  little  lighter  than  the  Basket  P  without  the  Globe,  or 
weight,  that  from  this  that  may  be  taken  up.  The  Pellle  B 
furnilht  with  a  little  wing  lays  hold  on  the  Snags  of  the  Pulley, 
and  detains  it  againft  the  endeavour  of  the  weight  P.  Alfo 
make  a  certain  dovetail  D  F  in  the  Periphery  of  fuch  bignels, 
that  it  may  be  equal  to  a  quadrant  of  the  Circle,  or  exceed  it, 
in  the  middle  of  this  make  a  long  flic  D  F,  through  which  the 
common  axis  D  of  the  Wheel  and  of  the  Pulley  may  pafs ; 
moreover  make  a  moving  leaver  H  G  F  C  made  firm  Come- 
where  about  the  point  G,  with  which  Leaver  the  foiefaid 
dovetail  is  linked  in  the  point  F :  Then  in  the  point  A  fix  a 
fpar,  or  bolt  A  K,  furnilht  with  a  prefling  wing  and  movable 
about  the  point  A,  &nd  near  this  bolt  place  a  Leaver  full  of 
corners  or  nooks  KLMN  movable  in  the  point  M. 

Thefe  things  thu$  difpofed,  If  by  the  motion  of  the  Wheel 

ABC  the  weight  b&  elevated  leifurely  to  the  top  of  its  altitude, 

ana 
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and  being  dipt  from  the  Basket  or  Box  into  the  groove  or 
Channel  leading  it  to  the  deligned  place  for  animation  of  the 
Clock,  notwithftanding  the  empty  basket  will  be  moved 
bv  the  power  railing  it,  untill  it  hits  againft  the  Leaver 
CGH  and  lifts  it  up  a  little,  and  the  Leaver  being  raifed 
takes  up  together  with  it  the  dovetail  F  D  :  And  this  Peftle  B 
being  ft  retch  t  at  length  through  the  whole  thicknefs  of  the 
Pulley  in  this  part  to  the  dovetail  3  in  the  mean  while  that  the 
end  H  of  the  leaver  CGH  being  deprefted  lays,  hold  on  the 
bolt  A  K  and  detains  it,  at  the  fame  time  the  Peftle  B  being 
lifted  up  without  the  Snags  of  the  Pulley,  the  basket  P,  although 
empty,  yet  heavier  than  the  counterpoife,  N  will  turn  the 
Pulley, and  it  will  defcend  to  the  bottom  that  there  it  may  again 
receive  another  Spherical  weight  to  be  drawn  up  in  the  lame 
maimer. 

For  the  counterpoife  either  of  it  felf,  or  by  making  a  certain 
knot  in  the  Rope  will  raife  the  nooky  Leaver  N  M  L,  and  by 
it  withdraw  the  bolt  A  K  that  it  detain  not  any  longer  the  end 
H,  which  being  loofed,  the  dovetale  DF  falls  off,  and  then 
tire  Peftle  B  being  fent  down  Jays  hold  on  the  Jags  of  the  Pulley 
that  the  attraction  of  the  weight  may  be  made  again. 

If  you  fear  left  before  the  Peftle  B  being  drove  away  by  the 
Snagged  teeth  of  the  Pulley,  and  the  Pulley  with  the  Basket 
fhould  begin  to  defcend  before  the  end  H  is  laid  hold  on  by 
the  bolt  AK;  then  hang  fo  much  weight  to  the  arm  G  H  of 
the  Leaver  as  fuffices  to  raife  the  dovetale  with  the  Peftle  B* 
and  that  the  weight  be  not  raifed  fopner  than  the  basket  af- 
cends  upwards,  detain  this  arm  G  H  by  a  certain  crook  or 
hook  made  after  the  fame  manner  as  the  book  N  H  in  the  fol¬ 
lowing  .Figure.  But  then  in  ftead  of  the  arm  FC,  the  arm 
M  N  will  be  produced,  that  that  being  raifed  from  the  basket 
will  withdraw  the  hook  iuftaining  the  endeavour  downward 
of  the  end  H  which  is  heavieft  ;  Moreover  it  will  reflore  it  to 
its  former  ftte  amending  with  the  Impetus  of  the  counter¬ 
poife  N. 

Ajio  note,  that  when  the  Wheel  A  B  C  is  often  turn’d  about 
in  drawing  of  the  weight,  and  conveys  the  Peftle  B  every 
where  with  it  felf,  that  when  the  attraction  is  finifht,  the  Peftle 
B  will  be  found  in  the  upper  quadrant  that  is  above  the 
dovetale,  which  always  certainly  happens,  if  in  the  Rope  or 
■little  chain  of  the  Pulley  you  make  little  knots  or  buttons  for 

that 
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that  purpofe,  according  as  "cis  /hewn  in  the  fecond  Prob¬ 
lem. 

Fig.  130.  Thirdly :  the  fame  Pulley  maybe  freed  from  its 
Peftie  by  another  artifice  3  let  the  fame  Wheel  B  flick  faft  to  the 
axis  C,and  the  Pulley  D  movable  thus,  that  it  may  be  moved  to 
and  fro  by  the  Axis  AC  3  Then  after  that  the  Basket  Ei  s  brought 
to  its  height,  it  will  raife  in  the  firfl  place  the  knotty  Leaver 
E  F  G  fixt  movably  in  F  3  and  this  by  the  little  arm  G  H  drives 
out  the  hook  H  N,  whereby  the  other  knotty  Leaver  ML  K 
is  fuflain’d,  to  whofe  arm  L  K  fo  much  weight  muft  be  hum> 
as  is  convenient,  that  the  other  arm  L  M  laying  hold  on  the 
Tube  M  P,  joyned  to  the  hole  of  the  Pulley  D,  may  draw  the 
Pulley  by  the  Axis  A  C  towards  C,  although  againfl  the  Ordi¬ 
nary  refiftance  of  the  force  of  the  Hadix  C  P :  And  in  this 
manner,  thofe  jagged  teeth  of  the  Pulley  are  withdrawn  from 
the  Peftie  B,  and  the  Basket  E  defcends  with  its  weight,  by 
turning  round  the  Pulley  together  freed  from  the  obftacle  of 
the  Peftie  3  notwithftanding  in  the  mean  while  the  little  arm 
L*  M  touches  it  highly,  and  detains  the  Tube  ending  in  the 
rundle,  in  which  the  contadl  may  be  facilitated  by  adhibiting 
the  little  Wheel,  or  a  turning  Cylinder,  &c . 

The  arrival  of  the  Counterpoife  will  make  the  Pulley  repair 
to  its  place,  for  this  when  the  impetus  of  the  knotty  Leaver 
M  L  K,  lifts  up  the  end  K,  it  places  it  in  the  hook  H  N  3 
which  being  done  the  pulley  is  forc’d  into  its  place,  by  the 
prefling  Hadix  led  about  the  Axis. 

Hence  alfo  you  muft  take  care,  in  making  the  Peflle  B,  that 
it  be  not  let  or  bore  down  from  its  little  wing,  deeper  than 
the  inciflions,  or  Jags  of  the  Pulley. 

Problem.  IV. 

To  fit  an  irregular  finite ,  and  diforderly  moving  power ,  fo  to 
an  Engin ,  that  it  jhall  make  a  well  order'd  regular  y  or 
wholly  equal  motion . 

Qlnce  Regularity  and  equality  appears  in  no  other  motion 
O  more  than  in  the  Circular,  which  of  its  own  nature  leans 
to  require  equality  3  we  fhall  in  this  place  declare  thofe  things 
which  are  for  obtaining  this  equality  of  motion,  w  hich  truly 
are  of  great  moment  in  Engins,  Specially  in  the  conftfu&ion  o  f 

B  b  thof » 


Mechmicl{_  Powers. 


Book  IX. 


thofe  that  meafure  time.  And  of  thefe  kind  of  Irregular 
powers  Come  are  perpetual,  or  infinite,  and  others  finite  which 
do  execute  their  office  to  time.  We  (hall  treat  of  thefe  lad  in 
this  place,  and  of  the  former  we  fhall  fay  fomething  hereafter  ; 
heavy  things  being  hung  at  liberty  whether  hanging  from  an 
Engin,  or  fome  Wheel,  are  called  regular  powers,  bccaufe 
whether  they  are  hung  high  or  low,  they  always  obtain  equal 
force  or  moment ;  notwithdanding  if  they  ate  placed  in  lome 
ambit  of  the  fame  Wheel  according  to  a  divers  fire,  and  the  fame 
inclination,  they  acquire  divers  moments  as  appears  from  what 
has  been  laid  c  lie  where;  but  his  need  lefs  to  reduce  this  irre¬ 
gularity  of  weights  to  regularity,  fince  that  may  eafily  be 

done.  ... 

Therefore  irregular  Powers  which  we  commonly  uie  in  the 

eonftruftion  and  motion  of  Engins  are  Springs,  that  is,  certain 
thin  pieces  of  mettal  in  manner  of  an  Hadix,  or  wrapt  up  in 
Spires  fuch  as  are  commonly  ufed  in  watches,  concerning  which. 

fomething  is  faid  before.  . 

Fir/,  the  refinance  of  the  faid  thin  pieces  of  mettal  is  fcfs  in 
the  beginning  while  they  are  bent  or  drawn  than  in  the  end, 
and  in  like  manner  when  they  are  drawn  or  bent  have  greater 
force,  and  make  a  greater  endeavour  to  reflore  themfelves  in¬ 
to  their  firft  ftation  in  the  beginning  of  reftitution  or  reduction 
than  in  the  end,  and  this  force  iocreafes  or  decieafes  not  uni¬ 
formly, and  with  a  proportional  increafe  to  the  addu&ive  or  re¬ 
ductive  motion,  but  with  another  certain  increafe  or  progref- 
fion  not  as  yet  certainly  known,  of  which  in  its  place. 

Secondly ,  if  the  thin  piece  of  mettal  be  bowed  or  bent  into  a 
Spire,  or  larger  Spieres,  the  bending  redds  lefs,  and  makes  lefs 
force’  to  reduce  it  felf  than  if  it  be  bent  in  Idler  Spires ;  hence 
Tis,  that  in  this  fecond  cafe  it  hath  greater .  force  whereby  it 
delires  to  reftore  it  felf,  but  obtains  Idler  motion. 

Thirdly,  Springs, or  the  fame  thin  pieces  of  mettal  being  bow¬ 
ed  into  a  Spire  or  wreath,  may  be  drawn  more  violent  either 
in  the  Centre,  or  in  the  Circumference,  or  in  both  parts  to¬ 
gether  ;  if  the  thin  plates  confiding  in  the  extream  which  is 
?n  the  circumference,  the  pkite  will  be  drawn  by  the  weeding, 
of  the  other,  extream,  being  in  the  Centre,  it  relifts  the  draw- 
inp-lefs  than  if  remaining  centrelly  immovable  in  the  extream, 
the  plate  be  wreathed  about  in  the  Periphery,  the  reafon  is,  be- 
caufc  in  this  fec.oadcafe  it  ought,  not  only  to  out  go  the  refin¬ 
ance 
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ance  of  bending,  but  alfo  the  other  of  rubbing,  or  weaving  of 
one  volute  upon  the  other,  which  refinance  neverthdefs  it  hath 
by  accident. 

Fourthly ,  Springs  are  made  weaker  by  degrees  by  often  draw¬ 
ing  them,  but  they  are  more  weakned  if  they  never  reft  ore 
themfelves,  but  if  always,  or  for  a  long  time,  they  continue 
drawn  or  pull’d  g  hence  they  have  greater  force  in  the  firft  ma¬ 
king  of  an  Engin,  but  Idler  after  long  ufing  them. 

Fifthly ,  if  they  remain  fometime  free,  that  is,  without  draw  ¬ 
ing,  they  recover  fome  of  their  ft  length  which  they  had  loft 
before. 

Sixthly ,  Jo.  Helmont  in  his  Book  entituled  Med.  Vhyfic.  detent*- 
fore,  Num.  jo.  affirms,  That  the  faid  Springs  of  Clocks  or  Wat¬ 
ches  are  wont  to  be  more  ftrong,  or  ftubborn,  when  the  North 
wind  blows,  which  notwtthftanding  is  not  as  yet  well  known 
to  me,  neither  doth  the  caufe  of  this  Phenomena  eafily  appear, 
unlefs  you’ll  fay  from  Cold ,  which  is  wont  to  be  more  rigid 
when  the  Wind  is  Northward. 

Thefe  things  being  noted,  the  irregular  force  of  Springs  may 
be  reduced  to  uniformity  divers  ways  :  Firft,  when  thefe  thin 
pieces  of  Mettal  are  wont  to  be  made  every  where  of  the  fame 
breadth  and  thieknefs,  they  exert  their  force  unequally  in  the 
beginning  and  in  the  end  3  if  the  parts  near  the  Centre  be 
made  thicker  than  the  other,  or  broader  with  a  due  propor¬ 
tion,  and  then  the  drawing  to,  or  lapping  up  being  made  in 
the  Centre,  the  refiftance  will  be  equal  and  uniform  in  the 
whole  drawing,  or  wreathing,  and  confequently  they  will 
make  the  force  equal  in  their  whole  reftitution,  until  they 
come  to  their  firft  flare,  or  condition  3  moreover  on  the  con¬ 
trary,  if  they  are  made  thicker  in  the  parts  neareft  the  circum¬ 
ference,  and  then  the  drawing  be  made  in  the  circumference, 
from  the  oppofite  reafon  there  will  he  an  inequality  of  force 
to  compenfate  or  amend  that  unequal  thieknefs  or  breadth  of 
the  thin  plate ;  notwithftanding  this  way,  whereby  the  inequa¬ 
lity  of  this  thieknefs  compenfates,  the  inequality  of  force  is  not 
ufed,  perhaps  becaufe  ’tis  more  laborious,  and  neither  is  it  ea~ 
fy  to  find  the  proportion,  whereby  the  thieknefs  ought  to  be 
increafed  gradually  3  yet  if  it  were  reduced  into  practice,  it 
would  be  far  more  ufeful  and  certain  than  the  other. 

The  fecond  way  more  obvious,  and  ufed  in  regulating  the 
Springs  in  ancient  Watches,  is,  by  an  unequal  premium -of 
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*Te  ftrongeft  part  of  the  Spring,  and  that  is  made  in  a  certain 
changable  Orb  like  the  figure  of  an  heart,  for  this  Orb  when 
the  fpiral  plate  makes  Iefs  force,  is  alfo  lefs  preffed  from  the 
other  plate,  or  hindering  wing  ;  but  when  it  exerts  greater 
force  in  like  manner  that  force  is  abated,  fo  that  his  reduced 
to  a  certain  quality  j  alfo  this  way  is  fcarcely  ufed  now  among 
modern  Artifts,  when  notwithflanding  his  lefs  laborious,  and, 
as  Experience  teaches,  oft-times  more  ufefui  than  others  ^  per¬ 
haps  his  defpifed  becaufe  his  more  fimple,  to  deter  others  from 
inquiring  into  an  Art  which  is  more  fubtii,  which  they  would 
do,  if  it  were  eafier  and  fimple. 

Fig.  1 3  i.  The  third  way, which  is  at  this  time  moft  in  ufe  is,  a 
Ekdyx  of  Steel  included  in  the  Cylinder  A  B  C  D,  movable  about 
the  durable  axis  E  F  this  axis  pafles  by  the  centre  of  the  Hsdix, 
and  detains  its  central  end  firmly,  and  left  it  fhouid  be  turn’d 
about  together  with  the  Spire  or  Wreath  and  Cylinder,  his  hun¬ 
dred  by  a  jagged  wheel  G  H,  firmly  put  into  an  axis,  and  a  lit¬ 
tle  bolt  or  peftle  H  I,  which  Drives  againft  the  Jags  of  the 
■  Wheel :  To  the  fide  of  the  Cylinder  a  Cone  is  made,  or  fome 
other  fuch  body  fharpned  at  top  like  to  aTop  CKM,  movable 
about  the  axis  L  M,  the  Periphery  of  this  top  is  made  in  the 
manner  of  a  Screw,  with  channellings  or  cavities  made  round 
it  to  receive  a  chord  or  chain,  one  end  whereof  is  faftned  in 
the  point  of  the  Cone  K,  and  wound  about  the  Cylinder,  the 
other  end  of  the  chord  is  faftned  to  the  Cylinder  in  D  j  thefe 
things  thus  conftituted,  the  inequality  of  the  refiftance  of  the 
fteel  fpires,  or  wreaths,  drawing  irregularly  is  made  fir  or  meet 
by  the  deformity  of  the  top,  which  where  the  refiftance  of 
the  fpire  or  wreath  is  leaft,  the  greater  Periphery  being  turn’d 
receives  the  chord,  whereby  the  Cylinder  is  drawn  about,  car¬ 
rying  about  the  included  end  of  the  fpire  or  wreath  fixt  to  the 
Cylinder  ;  and  where  the  force  and  refiftance  of  the  thin  plate 
is  ftronger,  the  chord  being  then  in  the  fharpned  or  Idler  part 
of  the  top  or  cone,  eafily  fuftains  that  greater  force  by  leffer 
diftances  from  the  centre  or  axis,  and  by  allaying  it,  tem¬ 
pers  it. 

You  fee  then  the  whole  perfection  of  Clocks,  or  Watches, 
which  confifts  in  uniform  motion,  or  equality,  depends 
on  the  framing  the  forefaid  cone  or  top  ;  which  I  defire  Ar- 
tifts  diligently  to  obferve,  and  to  take  great  care  in  the  mak¬ 
ing  of  it,  that  the  moving  force  of  the  fpiral  thin  plate  be  ren- 
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dred  every  where  equally  valid  ;  neither  is  it  fufficienr,  as 
they  are  wont,  to  try  it  by  hearkning  to  it  whether  the  found 
be  fharper  or  graVer  in  the  fwifteft  motion  of  the  jagged  lit¬ 
tle  wheel  GH,  fince  his  nor  eafy  to  diftin'guiftf  the  lead  dif¬ 
ference  of  found  j  wherefore  his  rather  to  be  done  fome  other 
way,  and  Father  Schcttus  propofes  two,  the  find  is  by  weigh¬ 
ing,  viz,,  by  a  weight  hung  on  a  long  arm  leading  the  Cone 
about,  for  if  which  way  foever  the  Cone  be  turn’d  about, 
the  fame  weight  endeavours  equally  againft  the  adduction  or 
redudtion  of  the  Spire,  the  Cone  or  Top  will  be  petfcdh 
Fig.  1 31.  The  fecond  way  is  mea Curing  by  rime,  for,  fays 
he,  the  little  Wheels  being  fet  at  liberty  in  a  fwifc  and  free 
motion  ;  take  fome  very  fhort  Pendulum,  and  by  its  vibra- 
hrations  examin  the  circumvolutions  of  the  lower  Wheels, 
for  if  the  circumvolutions  of  each  wheel  be  in  equal  fpace  of 
time,  it  argues  that  the  cone  or  top  is  perfect :  In  the  fame 
manner,  the  circumvolutions  or  turnings  round  of  the  jagged 
little  Wheel  G  H  may  be  examined  by  a  Pendulum,  to  wit, 
whether  they  are  made  in  equal  time,  notwithstanding  if  there 
be  added  weight  to  the  forefaid  little  wheel  the  motion  is 
rendred  more  flow. 

Problem.  VI. 

To  mend  the  unequal  motion  of  Clocks ,  or  other  Engins,  ly 

applying  a  Pendulum . 

THe  chief  fault  in  Clocks,  and  all  Engins  that  meafure  rime, 
is  the  irregularity  of  motion,  for  no  kind  of  Clocks  to 
this  very  day  is  foimd,  Vhofe  motion  is  fo  equal  or  uniform, 
that  it  errs  not  at  leaft  a  minute  from  the  true  meafure  of  time, 
in  one  day  or  24  hours,  although  it  hath  been  the  ftudy  and 
endeavour  of  many  ingenious  men  ;  in  the  firft:  place,  we  are  in¬ 
debted  to  Mathew  Campanc  to  this  end,  that  by  the  accurate 
meafure  of  time  Geographers  may  obtain  the  knowledge  of 
Longitude,  and  what  proficiency  they  have  made  in  it,  you  will 
underftand  by  what  follows. 

Truly  ’tis  doubted  whether  a»y  man  can  by  application  of  a 
Pendulum,  compleatly  perfect  the  little  jagged  Wheels  of  Clocks, 
and  take  away  their  inequality ;  therefore  the  Author  of  that 
famous  Invention,  deierves  to  be  followed  and  praifed 
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of  all  Men  ;  and  fince  there  are  divers  ways  of  application  in 
this  kind,  feme  whereof  we  have  defcribtd  iu ft  before ?  it  re¬ 
mains  that  we  reckon  up  fome  others  in  this  place,  either  more 
ingenious,  or  alfo  more  ufefuk 

Fig.  132.  Let  there  be  a  Pendulum  I  L,  with  a  wire  fixt  to 
the  Axis  C  D,  which  refts  on  the  two  poles  C  and  D,  and  in 
the  middle  part  of  its  Axis,  fallen  here  and  there  two  little 
wings,  or  thin  plates  of  mettal,  extended  according  to  the 
length  of  the  Axis,  or  in  an  Horizontal  fite,  above  this  Axis  let 
the  upper  wheel  of  the  Clock  A  B  be  turn’d,  being  made  by 
a  peculiar  art  ;  to  wit,  let  it  be  made  in  form  of  a  Zone,  with 
a  double  row  of  Teeth  difpofed  to  the  end  of  the  Zone  in  fuch 
a  double  order,  that  when  the  Teeth,  or  little  Keys,  that  Hand 
our,  being  conliderably  diftant  from  one  another,  each  tooth 
of  one  row,  anfwer  to  the  middle  fpace  of  teeth  of  the  other 
row ;  for  fo  by  turns  they  will  hit  againft  the  afore  faid  two 
wings,  to  wit,  one  tooth  or  little  key  of  the  row  towards  the 
right  hand,  on  the  righ  wing,  and  the  other  row  on  rhe  left 
hand,  on  the  left  wing;  again,  the  other  on  the  right,  on  the 
right  wing,  from  whence  are  made  the  Alrern  Vibrations  of  the 
Pendulum.  If  then  each  of  the  two  rows  conlifls  of  ten  teeth, 
in  all  they  will  make  twenty ;  and  the  Pendulum  mull  be  of 
fuch  length,  that  each  compofed  Vibration  anfwersone  fecond 
of  rime,  there  may  be  fitted  on  the  fame  Axis  of  the  wheel  the 
Tympane  F  with  fix  teeth,  which  will  be  moved  by  the  wheel 
G  H  of  36  teeth,  for  this  will  abfolve  one  circuit  in  the  fpace 
of  a  Minute  ;  fo  that  an  Index  fa  lined  to  its  Axis,  may  note 
every  fecond  in  a  circle  divided  into  60  equal  parts;  and  be¬ 
neath  the  Wheel  G  H,  another  may  be  fitted,  which  may  be 
turn’d  about  in  the  fpace  of  an  hour,  and  its  Index  may  fhew 
the  minutes,  moreover  another  which  may  fhew  the  Hours 
&c. 

But  fomething  offers  it  felf  worth  our  noting  in  the  appli¬ 
cation  of  Pendulums  to  Clocks  ;  in  the  firil  place,  if  a  weight 
doubley  or  tripiey  greater  be  hanged  to  a  Clock,  it  is  not  the 
reafon  of  moving  it  notably  fwifter,  or  the  can  ft  of  making 
the  hours  viiibly  fhor ter,  becauft  in  this  cafe  the  Pendulum  is 
forced  more  vehemently,  and  therefore  makes  greater  arched 
in  its  Vibrations ;  it  feems  that  it  ought  to  move  more  (lowly, 
and  to  make  the  hours  longer,  if  it  be  true  that  is  faid  in  the 
Book  of  Pendulums,  that  the  Vibrations  which  are  made  in  a 
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greater  arch  from  the  fame  Pendulum  are  longeft  ;  but  expe¬ 
rience  tells  us,  that  the  Hours  are  fomewhat  fhorter  if  weights 
are  hung  much  greater,  and  the  reafon  is,  becaufe  the  wheel: 
which  is  called  Serpentine,  or  the  wheel  meeting  with  the 
beam  of  the  Baliance  by  way  doth  not  permit  each  Vibration 
to  run  through  the  whole  Arch  which  they  would  run  through, 
and  therefore  cuts  them  off  a  little  fhorter. 

Secondly ,  For  this  reafon  Pendulums  ought  to  be  a  (mail  mat¬ 
ter  longer  than  if  they  were  altogether  at  liberty,  leaft  each  of 
their  vibrations  be  made  in  a  fhorter  time  than  is  meet. 

Thirdly ,  You  ought  not  to  ufe  a  firing  or  little  chain,  be¬ 
caufe  they  will  bend,  but  a  wire,  or  in  greater  Pendulums,  a, 
rod  of  Iron,  or  other  MettaL 

Fourthly ,  Since  in  thefe  kind  of  Clocks  the  augmenting  or 
decreafing  of  weights  fignifies  little  to  the  fwiftnefs  or  flownefs. 
of  motion,  but  the  fwiftnefs  or  lownefs  depends  almofl  wholly 
on  the  length  or  fliortnefs  of  the  Pendulum ;  therefore  that 
Clock  may  be  reduced  to  the  juft  meafures  of  Hours,  the  Globe,, 
or  Ball,  ought  to  be  fixed  to  the  lower  end  ol  the  Rod,  in  fuch 
manner,  that  it  may  be  raifcd  or  deprdfed,  and  that  may  be 
done  if  there  be  a  fcrew  made  on  the  end  of  the  Rod,  which  is 
engrafted  to  the  Globe  more  or  lefs,  and  binds  it  very  well 
that  it  Aide  not  down,  which  Inconveniency  may  be  prevented 
by  another  concave  Screw  P,  which  keeps  the  Globe  aways  in 
the  fame  place. 

fifthly ,  ’Tis  better  to  hang  a  heavier  weight  to  a  Clock,  or 
make  ufe  of  a  ftronger  Spring,  and  to  apply  a  Pendulum  a  lit¬ 
tle  the  longer. 

Sixthly,  The  Vibrations  ought  not  to  be  too  great,  but  the 
Pendulum  ought  to  fwing  backward  and  forward  to  the  height 
of  10  or  40  degrees  in  its  arch. 

Seventhly ,  Clocks  made  with  Pendulums,  require  much  grea¬ 
ter  weight  or  ftronger  Springs  than  others,  which  are  regula¬ 
ted  by  the  ordinary  Ample  poifers,  fo  that  fometimes  a  triple 
weight  is  required  to  it,  than  is  requited  to  a  Cloche  without  a 
Pendulum  5  neverthelefs  for  divers  reafons,  according  to  the 
manner  or  falhion,  a  Pendulum  may  be  fitted,  it  may  require 
more  or  lels  weight  in  the  precedent  artifice,  unlefs  the  little 
wings  of  the  Axis  C  D  be  made  long,  it  will  require  a  great 
weight as  appears  from  the  principles  of  Mechanicks, 
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Eighthly,  Greater  Clocks  which  are  furnifht  with  greater 
Pendulums,  in  like  manner  require  weights  in  the  fame  pro¬ 
portion.,  or  alfo  in  a  greater  than  the  times  of  the  Vibrations 
have,  or  which  is  the  fame,  in  fubduplicate  proportion  of  the 
lengths  of  the  Pendulums ;  for  Example,  let  a  Clock  have  a  pen¬ 
dulum  of  36  inches,  or  3  feet,  which  makes  each  Vibration  in 
one  fecond,  and  another  with  a  pendulum  of  9  inches,  which 
abfolves  the  vibrations  in  half  a  fecond,  fo  that  in  one  hour 
that  makes  3600  vibrations,  and  this  makes  7200  3  fince  the 
pendulum  of  the  firft  Clock  is  quadruple  of  the  other,  to  agi¬ 
tate  it,  is  required  a  quadruple  force  or  weight*  becaufe  it 
ought  to  move  but  doubly  (lower,  alio  the  Serpentine  wheel* 
or  that  which  incites  the  pendulum,  mud  be  moved  doubly 
flower,  and  therefore  the  weight  hung  to  the  lower  wheel  will 
have  a  double  weight,  therefore  a  double  weight  fuffices  to  move 
a  pendulum  of  quadruple  length  through  like  Arches j  for  a 
double  weight,  if  it  have  over  and  above  a  double  poife  of  a- 
nother  weight,  is  equivalent  to  a  quadruple  w  eight. 
E\g,  133.  Notwithftanding  his  to  be  Noted,  if  the  longer 
pendulum  be  inforced  in  a  point  proportionally  di- 
Mam  from  the  centre  of  the  pendulum,  a  weight  as  little  again 
will  luffice  to  move  the  long  pendulum,  as  if  the  pendulum  A 
C,  receive  an  impulfe  from  the  upper  wheel  in  the  point  B,  and 
another  longer  pendulum  D  F,  receive  an  impulfe  in  the  point 
E,  and  let  the  proportion  be  the  fame  of  A  C  to  D  B  as  of  D 
F  to  D  E,  a  weight  doubly  Idler  is  required  to  move  the 
longer  pendulum  than  to  move  the  fhorter  pendulum  •  for  if 
the  difpofition  of  the  wheels  be  the  fame,  or  the  velocity  the 
fame  as  the  upper  wheel,  an  equal  weight  is  required  as  ap¬ 
pears,  but  in  a  longer  pendulum  the  upper  wheel  is  moved 
doubly  (lower,  and  fo  the  weight  hung  to  the  Clock  hath  a 
double  poife,  therefore  a  weight  doubly  Ids  fuffices.  But  if 
the  pendulum  D  F  be  impelled  in  G,  fo  that  DGbea  mean 
proportional  between  A  B  and  D  E,  than  an  equal  weight  in 
each  Clock  is  required,  and  only  double  the  weight  is  requir¬ 
ed  in  the  Clock  of  the  pendulum  D  F,  when  the  pendulum  is 
incited  in  the  point  H,  fo  that  D  H  be  equal  to  A  B,  and  the 
Globes  C  and  F  arefuppofed  of  equal  weight,  but  if  the  weights 
are  unequal,  then  their  proportion  ought  to  be  had,  which 
may  vary  diver lly. 
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Problem.  VII. 

♦ 

Another  way  of  fitting  a  Pendulum  to  a  Clock . 

Pig.  i34..TTEre  we  will  defcribe  the  way  moft  in  ufc  of  fft~ 
n  ring  Pendulums  to  Clocks,  the  Terpentine  or 
encountring  wheel,  muft  be  placed  in  an  Horizontal  /ice,  and 
the  beam  of  the  Ballancealfo  ftretcht  out  Horizontally  on  the 
-fame  3  the  wheel  furniflit  with  jagged  teeth,  muft  have  its  num¬ 
ber  unequal  to  this,  that  two  little  flaps,  or  wings,  of  the  Beam 
of  the  Ballance,  may  lay  hold  on  the  teeth  by  turns,  according 
•to  the  ufual  manner,  which  little  wings  ought  therefore  fo  to 
be  joined  to  the  beam  of  the  Ballance,  that  their  planes  make 
a  right  angle,  and  the  Axis  of  the  beam  ought  to  be  extended 
precifely  through  the  centre  of  the  Wheel ;  but  becaufe  if  the 
Pendulum  be  immediately  join’d  to  the  beam  of  the  ballance 
its  weight  will  burden  it  too  much  .  therefore  a  handle  is  added 
to  the  beam,  boared  through  in  the  extream  point,  to  which 
hole  is  fixt  a  rod  hanging  at  liberty  that  it  may  eafily  agitate. 

But  you  muft  take  care  that  the  lower  little  arm  poflefs  a 
middle  fire  between  each  little  wing  of  the  beam  of  the  Bal¬ 
lance,  left  one  vibration  of  the  pendulum  be  greater  than  ano¬ 
ther,  and  make  the  motion  very  incongruous  and  lame;  in  the 
reft  obferve  the.precepts  already  delivered ;  fome  fix  a  Globe 
unmoveable  on  the  end  without  any  Screw,  moving  the  cen- 
rre  of  the  Spear  or  Wire,  they  raife  it  or  deprefs  it  to  reduce 
the  vibrations  to  the  exaft  meafiire  of  time,  lor  when  the  cen¬ 
tre  is  raifed,  the  pendulum  runs  through  a  leffer  arch,  and 
fooner  difpacches  each  vibration,  fpecially  becaufe  kis  refilled 
by  a  leffer  impulfe,  and  it  makes  the  vibration  flower,  if  it  be 
depreft  for  the  contrary  reafons ;  yet  you  muft  take  care  rhat 
the  centre  be  not  beneath  the  axis,  nor  that  it  be  elevated  much 
above  it;  Jaftly,  the  length  of  the  little  arms  are  determined 
-by  practice,  and  by  the  wheels. 
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'  Problem.  VIII* 

To  amend  the  Irregularity  of  all  Clocks  and  Engins , 
faring  time  other  wife  than  hy  the  manner  of  Pendulums . 

I  Know  fome  have  not  been  wanting,  who  are  willing  to  a- 
dopt  Pendulums  to  watches,  or  portables  Clocks,  neverthe- 
Ids  they  laboured  in  vain  3  for  the  fmallnefs  of  the  Watches,, 
and  the  diverlity  of  their  Scituations,  with  the  continual  agi¬ 
tation  of  the  pendulums,  while  they  are  carried  about,  cannot 
eafily  admit  them  to  vibrate  uniformly  3  and  although  the  pen¬ 
dulum  may  be  fo  fitted,  that  being  librated  between  many 
circles  or  rings,  after  the  manner  of  a  Sea  Needle,  it  may  al¬ 
ways  obtain  a  perpendicular  lire  3  however  the  agitation  of  the 
whole  watch  will  make  the  vibrations  of  the  pendulum  to  run 
fometimes  in  this,  fometimes  in  the  other  part,  hindering  their 
equality  altogether,  befides  that>  the  fpace  which  the  beam  re¬ 
quires,  is  much  greater  than  the  magnitude  of  Watches  will 
conveniently  admit  3  wherefore  perchance  more  patly,the  wffiole 
watch  with  its  pendulum  appled  to  it  after  one  of  the  forefaid 
prefcriptions,  may  be  hung  within  3  or  4  little  circles,  which 
may  eafily  be  included  in  a  Spherical  cafe  of  the  Watch. 

Since  therefore  the  application  of  Pendulums  to  thefe  kind 
of  Watches,  or  other  portable  Engins,  are  either  ufelefs  or  al¬ 
together  difficult,  the  illuftrious  Hugenius  (  for  his  new  Inven¬ 
tion,  now  known  to  all  the  World  )  hath  found  out  another 
way,  which  I  could  not  pafs  by  in  this  place,  it  being  very 
profitable  and  ingenious,  therefore  accept  it  as  taken  from  Let¬ 
ters  of  the  fame  Author. 

The  Miftery  of  the  Invention  confifts  in  a  thin  plate  of  met- 
tal  or  fpiral  creft,  having  faftned  to  it  at  the  lower  end  a  Cats- 
gut  String,  or  an  Inftrument  of  an  equal  weight,  but  greater 
and  more  ponderous  than  is  wont,  and  movable  of  its  own 
accord  to  and  fro  upon  its  points  3  and  the  other  end  is  faft¬ 
ned  to  a  little  part  or  covert  flicking  up  above  the  upper  part 
of  the  Clock,  which  being  once  vibrated  to  the  tongue  of  the 
Balia  nee  of  the  Clock,  comprefles  and  releafes  its  fpires  one  af¬ 
ter  another,  and  drawing  to  it  feif  a  little  help  coming  from 
the  wheels  of  the  clock,  maintains  the  motion  of  the  Inftru- 
ment  or  Baliance  fo  truly,  that  although  it  makes  greater  or 
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lefler  digreflions,  its  reciprocations  neverthelefs  throughout  are 
equal  in  time  one  to  another. 

fig,  ,  in  the  figure  of  the  former  Clock  the  plane  is 
A  B,*the  circle  of  the  Ballance,  or  compafs  about  the  tongue 
of  the  ballance  C  D,  its  axis  or  lance  E  F  ;  the  wing  or  fpring 
turn’d  into  a  fpire  G  H  M  is  faftned  to  the  fpear  of  the  bal¬ 
lance  in  M,  and  to  the  thin  plate  of  mettai  on  the  upper  plane 
of  the  Clock  in  G,  fo  truly,  that  all  the  fpires  of  the  fpring 
cleave  to  thefe  two  props  hanged  up  in  the  air,  touching  no¬ 
thing  beneath:  NOP  Qjs  a  certain  covering,  or  propping, 
in  which  the  other  point  of  the  ballance  is  turned  :  R  S  is  one 
of  the  toothed  Wheels  of  the  Clock,  having  a  certain  motion 
of  the  poifer  impreft  on  it  from  meeting  with  the  next  wheel, 
and  this  wheel  R  S  is  folded  into  the  TympaneT,  made  fall 
to  the  axis  or  fpear  of  the  poifer,  whofe  motion  is  by  this  means 
as  much  maintain’d  as  there  is  occafion. 

This  Invention  of  Hugenius  may  be  ufed  not  only  in  Watch¬ 
es,  and  portable  Clocks,  but  alfo  in  others  which  are  put  into 
motion  by  hung  weights;  and  to  which  he  adds,  That  a  clock 
made  by  the  forefaid  Artifice  may  be  ferviceable  in  finding 
the  Longitude  at  Land  and  Sea,  which  I  am  not  eafily  indu¬ 
ced  to  believe,  for  neither  is  the  inequality  of  motion  of  Clocks 
more  corre&ed  by  this  Invention  than  by  Pendulums,  as  you 
may  eafily  underftand  by  what  is  faid,  neverthelefs  ’tis  very 
ufeful,  becaufe  it  may  be  fitted  to  portable  Clocks,  or  Watches, 
which  cannot  fuffer  a  Pendulum. 

Fig.  13J.  I  obferve  that  the  fpear  of  the  ballance  EF  may 
agitate,  and  unlefs  I  am  miftaken,  more  beneficially  by  a  Zone 
or  double  wheel  with  fmooth  teeth,  or  little  keys  after  that 
manner,  whereby  a  pendulum  agitates  in  the  fifth  problem,  to 
wit,  if  the  little  keys  C,  D,  G,  H,  &c.  by  turns,  or  one  after 
another,  hit  againft  the  two  little  wings.  A  and  B,  here  and 
there  fixt  to  the  fame  fpear  or  lance ;  for  lince  this  fpear  ought 
to  be  much  thicker  and  ftronger  than  commonly  they  are  wont 
in  common  Clocks,  and  more  refifts  the  impulfes  of  the  wheel 
S  R,  by  reafon  of  the  fpire  G  H  endeavouring  againft  it,  the 
poking  wheel  commonly  call’d  Serpentine  is  not  fo  ufeful, 
which*  is  wont  to  agitate  the  common  fpear  of  the  Ballance. 
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Problem 
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Problem.  IX. 

A  Clock  that  makes  no  Noife,  and  yet  hath  a  Pendulum 

Fig.  136.TT  will  not  be  unpleafant  in  this  place  to  defcribe  a 
A  kind  of  a  Clock  which  we  found  in  Faher  Mill¬ 
ets  third  Book  of  Statics,  or  art  of  balancing,  Frcp.  59,  where 
he  hath  thefe  things. 

This  kind'  of  Clock,  or  Watch,  is  moft  ufefull,  becanfe  no- 
found  of  the  Poifer  is  heard,  and  therefore  may  be  ufed  in  a, 
Bed -room  without  fear  of  difturbing  ones  reft. 

The  Lord  Set  ale  hath  had  many  of  this  kind  made,  and  the 
Artifice  was  thus:  The  Clock  confifts  of  4 wheels,  and  one  axis, 
furnifht  with  little  wings  or  Pinions. 

The  firfr  wheel  was  furni/kt  with  96  Teeth,  and  difpatchn 
half  a  circulation  in  an  hour. 

The  fecond  had  in  the  axis  n  little  Teeth,  and  in  the  cir¬ 
cumference  of  the  wheel,  it  had  72  little  Teeth,  and  it  accom- 
plifht  4  circulations  in  one  hour. 

The  third  had  <5  little  teeth  in  the  axis,  and  in  the  circumfe^ 
rence  60  little  teeth,  and  finifht  48  circulations  in  an  hour. 

The  fourth  had  8  little  Teeth  in  the  axis,  and  in  the  circum¬ 
ference  80,  and  finifht  360  circulations  in  an  hour. 

The  axis  furnifk  with  wings  which  is  defcribed  in  the  Fi¬ 
gure  e  e,  had  8  little  teeth,  and  finifht  3600  circulations  in  an 
hour,  and  fince  every  circulation  made  one  compounded  vi¬ 
bration,  there  was  3600  compounded  vibrations,  and  7200  * 
fimple  ones ;  one  compounded  vibration  is  equal  to  a  fecond: 
Minute,  and  a  fimple  one  to  half  a  fecond  minute,  the  length: 
of  the  pendulum  was  9,  inches, 

The  whole  Artifice  confifts  in  the  axis  B  G,  and  in  the  han¬ 
dle  of  the  pendulum  H  I  K,  which  may  be  turned  about  the  * 
point  G,  as  about  an  axis,  and  the  point  K  was  ingrafted  in 
the  point  6  of  the  axis,  furnifht  with  rings,  which  axis  while 
it  turns,  inforces  the  arm  K  I,  and  draws  it  in  by  turns  5  which; 
you  may  eafily  conceive,  if  the  arm  X  I  be  at  right  angles  with 
the  axis  B  C,  and  be  ingrafted  in  the  point  6 ;  the  reft  may  bet¬ 
ter  be  conceived  if  the  thing  be  put  into  Execution,  than  can 
be  expreft  in  words. 

Problem 
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Problem.  X. 

to  determine  the  number  of  Teeth  and  Wheels  in  Clocks 

which  have  Pendulums . 

TBis  p  raft  ice  ought  not  wholly  to  be  negleftcd,  which  is 
moft  ufeful  in  direfting  Artificers,  efpcciuily  iince  it  aifo 
contains  a  method  of  beginning,  and  reckoning  the  number 
of  vibrations  and  circulations  of  wheels,  which  is  very,  necef? 
fary  in  the  conftruftion  of  all  other  Logins. 

The  forefaid  Author  began  thefe  reckonings,  together  with 
the  forefaid  method  in  divers  forms  of  Clocks,  beginning  from 
a  Clock  which  confifted  of  two  wheels  only;  for  although  it 
is  difficult  to  fit  that  pendulum,  neverthelefs  if  it  be  accompli/hr 
it  will  be  very  exaft,  Iince  the  meeting  of  many  wheels  induce 
always  a  greater  inequality  in  motion. 

Fig.  137.  In  the  firft  place  therefore  (  faith  he  )  let  there, 
be  two  wheels,  the  firft  or  lower  of  no  teeth,  which  is  flip- 
pofed  to  finilh  two  circulations  in  hour,  wherefore  it  will  be. 
equivalent  to  a  wffieel  of  240  teeth  :  The  fecond  wrheel  hath  a 
little  wheel  of  5  teeth,  wherefore  while  they  pafs  through  5, 
of  the  teeth  of  the  greater  wheel,  the  fecond  finifhes  one  cir¬ 
culation,  therefore  you  muft  know  how  many  times  5  is  found 
in  240,  which  you  wiil  know  by  Divifion,  and  the  quotient: 
will  be* 48,  wherefore  the  fecond  w  heel  makes  48  circumvolu¬ 
tions  in  one  hour:  And  it  appears,  that  the  fecond  wheel  of 
teeth/  each  of  which  effefts  two  Angle  vibrations,  fince  it 
touches  the  poifer  twice  ;  wherefore  each  circulation  makes 
7o  vibrations,  multiply  70  by  48  and  you  will  find  3360  lingle 
vibrations  in  an  hour,  the  Pendulum  will  be  Feet  3/,  and  fome- 
what  more. 

Fig .  138.  I  will  propofe  another  not  unlike  the  precedent:.- 
Let  the  lame  wheel  have  120  teeth  which  will  make  two  cir¬ 
culations  in  an  hour,  and  therefore  will  be  equivalent  to  z 
wheel  of  240  teeth:  The  fecond  little  wheel  fhal!  have  6  teeth, 
divide  240  by  6  and  the  quotient  will  be  40,  the  fecond  wheel 
then  will  be  turn’d  round  40  times  in  an  hour,  and  /hall  have 
45  teeth  ;  and  becaufe,  as  I  faid  but  now,  each  tooth  touches 
ihe  poifer  twice  in  each  circulation,  this  number  will  be  doub- 
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Bd  and  will  make  90,  which  number  multiply  by  40,  and 
you  will  have  3600  Tingle  vibrations  in  an  hour,  that  is,  each 
fingle  vibration  w ill  be  equal  to  a  fecond  minute  5  the  length  of 
the  Pendulum  mull  be  3  feet  3  inches  and  T|  of  our  Engliih 
feet.  / 

Or  if  inftead  of  tlie  6  teeth  of  the  little  wheel  you  put  the 
teeth  of  rhe  little  wheel  5,  for  then  the  fecond  wheel  com- 
pleats  48  circulations  in  an  hour,  and  there  will  be  4320  vi¬ 
brations  in  an  hour,  the  length  of  the  Pendulm  will  be  about 
two  feet. 

In  the  like  manner,  if  there  be  given  the  firft  wheel  making 
two  circulations  in  an  hour,  and  or  i>o  teeth  ;  the  fecond 
wheel,  or  that  which  encounters  with  it,  /hall 
Fig.  139.  have  a  little  wheel  of  3  teeth  :  Wherefore  rhe  di- 
vifion  being  made  of  300  teeth  (  w  hich  are  in  two 
circulations  )  bv  3,  it  will  make  60  circulations  :  Suppofe  60 
teeth  in  the  fecond  wheel,  that  is,  120  vibrations  in  each  cir¬ 
culation,  it  will  make  the  number  7200,  and  the  Pendulum 
about  9  inches,  that  is,  each  Angle  vibration  will  be  equiva¬ 
lent  to  half  a  fecond  minute. 

The  fame  things  being  obferved,  except  that  the  firft  wheel 
compleats  only  one  circulation  in  an  hour,  you  will  have  the 
number  of  vibrations  360c,  and  the  Pendulum  will  be  3  feet, 
that  is,  each  vibration  will  be  equal  to  one  fecond  minute. 

Which  Examples  I  have  put  only,  becaufe  you  may  learn 
the  method  of  finding  out  other  numbers,  which  ihall  feem 
more  fin 

A  Clock  with  three  Wheels. 

Ifou  can  fcarcely  make  Clocks  with  Pendulums  which  /hall 
have  Only  two  wheels,  unlefs  you  make  the  Wheels  very 
great,  and  abundance  of  teeth  :  Wherefore  the  greater  are 
commonly  made  of  three  Wheels,  and  the  kfler  of  four :  I  fhall 
exhibit  in  this  place  fome  numbers :  A  Clock  hath 
Fig.  140.  3  wheels,  the  firft  of  vhich  hath  112  teeth,  and 

the  fecond  little  wheel  7,  the  fecond  wheel  hath 
60,  the  little  wheel,  or  axis  of  the  third  wheel  hath  8  teeth, 
the  meeting  wheel  13,  you  will  have  the  number  of  Vibrations 
thus,  Divide  112,  the  number  of  teeth  of  the  firft  (  which  in 
each  hour  is  once  turn’d  about  )  by  7,  to  wit,  the  axis  of  the 
fecond,  and  you  will  find  rhe  fecond  to  be  turn’d  about  16 
times  >  and  the  fecond  hath  do  teeth,  wherefore  multiply  16 
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by  60  and  you  will  find  c>5o,  therefore  it  paffes  over  9&0’ feeth  of 
the- fecond  in  an  hour,  which  number  you  muft  divide  by  8,  the 
axis  of  the  third,  and  you  will  find  the  third  to  make  120  cir¬ 
cumvolutions  ,  and  it  hath  teeth  which  make  30  Angle  vi¬ 
brations,  multiply  30  by  120  you  will  have  3600  tingle  vibra¬ 
tions,  and  each  equivalent  to  a  f econd  minute,  the  length  of 
the  Pendulum  muft  be  about  three  feet. 

The  fame  is  better  done  by  other  numbers  :  Let  the  firfi  have 
teeth,  the  axis  of  the  fecond  6,  the  fecond  45,  the  axis  of  the 
third  6 ,  the  third  15,  and  this  length  of  3  feet  is  bed  for 
great  Clocks. 

The  3  following  numbers  give  the  number  7200  vibrati¬ 
ons  in  an  hour,  that  is,  2  vibrations  in  one  fecond  minute,  to 
wit,  the  going  and  returning,  and  the  length  of  the  Pendulum 

9  inches. 


f 

i 
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Vibrations '7200  Vibrations  7200. 


order  of, 

wheels.  { 

Circumvo¬ 

lutions.  ! 

Teeth  of 
wheels. 

i  Circum- 

ivolutions 

Teeth  ot 
wheels. 

<  Ciicum-  1 
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Teeth  of  1 

wheels. 

3 
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z5 
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1S 

HP 

25 

3 

9 

9  i 

48 

60 
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*9 

? 

1  2 

6 

9 

§ 

1 

1  79 

1  1 

71 

•  V 

1 

JZ 

1 _ 1  '  /  1 _ \ _ -  1  /  _ _ — u _ _ 

Length  of  Pendulum  9  inches.  Pend.  9  inches.  Pend.  9  inches. — _ 


In  the  fucceeding  Table  the  numbers  defcribed  give  the  Vibra¬ 
tions  7600  and  10000,  with  the  Length  of  the  Pendulum 
8  inches  and  4  inches  and  f. 


Vibrations  7600.  _ Vibrations  ioooq. 
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Length  of  Pendulum  3  inches. 

Pend.  8 

inches. 

Pend.  4 
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The  following  Numbers  are  for  a  Clock,  which  makes  io8oa 
Vibrations  in  an  hour,  or  3  in  one  fecond  minute,  the  length 
of  the  Pendulum  4  inches  and  ~y  and  others  alfo,  as  may  be 
feen  in  the  following  Table. 
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23 
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6 
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1 
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6 

C  h  I7 
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2  I72 

2 

73 

2 

73 

2  72 

~n 

80., 

The  following  Numbers  are  for  a  Clock  with  4  Wheels,  the 
number  of  Vibrations  in  an  hour  are  10800,  to  wit,  3  Vibra¬ 
tions  anfwer  one  fecond  minute,  the  length  of  the  Pendulum 
is  about  4  inches  \ . 


Thefe  Tables  were  made  by  the  forefaid  Author,  wherein 
the  Printer  had  committed  fome  Errors  which  we  have  amen¬ 
ded,  that  they  may  be  ufeful  to  Artificers. 

it  in  the  lift  Table  you  take  the  numbers  propofed,  chang¬ 
ing  only  the  number  1 5  of  teeth  of  the  upper  wheel,  and  m 
its  place  uling  a  wheel  of  20  teeth,  you  will  have  a  Clock 

which 
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which  will  compleat  14400  Vibrations  in  an  hour,  to  wit,  4 
in  one  fecond  minute,  and  the  length  of  the  pendulum  will  be 
Inches  1  ~  ;  neverthelefs  becaufe  many  Artificers  will  have  the 
meeting  wheel  to  have  an  odd  number  of  teeth,  they  obferve 
the  precedent  numbers,  to  wit,  fo  that  only  the  laft  wheel  but 
one  which  finifhes  60  circulations  in  an  hour  hath  48  teeth  ir~ 
ftead  of  36  teeth,  and  makes  the  fame  number  of  Vibra- 
tions  14400. 

Wheels  are  divided  many  other  ways,  and  the  Clocks  are 
commonly  furnifht  with  Pendulums  ,  feme  are  fo  difpofeeb 
that  the  terpentine,  or  encountring  Wheel,  is  turn'd  round  ( o 
times  in  an  hour,  and  is  furnifht  with  60  teeth,  and  finifhes  tv  o 
vibrations  in  one  fecond  minute  ;  or  hath  30  teeth,  and  fii  i- 
fhes  one  vibration  in  a  minute,  then  the  number  of  the  teeth 
themfeives  inferibe  the  minutes  which  appear  confpicuous 
through  a  round  hole,  or  through  a  little  opening  made  in 
the  front  of  the  Clock. 

Problem*  XL 

To  correct  perfectly  the  inequality  of  motion  of  Clocks ,  or  other 
Engi ns  that  meafure  time ,  having  Pendulums ,  hy  apply¬ 
ing  a  double  Pendulum ,  and  ly  Cycloides . 
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A  Lthougb  2  Pendulum  applied  to  a  Clock  (  as  we  have 
jfjL  Laid  )  effects  this,  that  if  the  impulse  caufe  of  motion 
of  the  wheels  be  too  fwift,  or  too  flow,  its  vibrations  tempeis 
ir,  each  of  which  when  they  meafure  a  determinate  rime,  ei¬ 
ther  they  agree  to  the  too  much  celerity  of  the  wheels,  or 
they  flit*  up  and  excite  their  heavinefs  and  dulnefs,  whence  for 
the  mofl  part  the  irregularity  is  taken  away  3  notv/ithflanding  ■ 
becaufe  while  the  Pendulum  refills  the  unequal  iirjpu  lies  of 
the  wheels,  their  vibrations  muft  needs  contract  feme  irregu¬ 
larity  to  themfeives,  fo  that  feme  make  their  exclusions  thro* 
greater  and  others  thro*  leffer  arches ;  and  it  appears  by  what 
has  been  laid,  that  thole  Pendulums  finifli  their  arcrus  in  fh or- 
ter  time  which  make  the  leaft  arches,  and  thole  in  longer 
which  make  greater  or  larger  arches:  Hence  his,  that  by _ ap¬ 
plication  of  a  Pendulum  all  the  Ii regularity  is  i  ot  wholly  cor- 
reded,  unlefs  the  Clock  be  fo  fitted  that  the  vibrations  be  tru¬ 
ly  regular  and  uniform. 
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And  this  irregularity  of  Vibrations  may  proceed  from  a 
threefold  head;  the  firft  is,  the  various  temper  of  the  air  thro" 
which  the  globe  paffes,  for  if  it  be  thick  it  refills  more,  if  hea¬ 
vier,  the  motion  is  not  only  confequently  hundred  by  the  grea¬ 
ter  denfity,  but  alfo  the  weight  of  the  globe  is  rendred  lefs 
ponderous,  that  therefore  they  have  lefs  ftrength  to  cut  the 
air,  and  it  renders-  the  motion  of  the  wheels  and  the  Impetus? 
more  faint  and  weak.  The  fecond  is,  the  impulfive  force  of 
the  wheels,  or  other  power,  continuing  the  vibrations,  which 
if  it  be  irregular,  induces  in  like  manner  at  leaft  fome,  if  not: 
all,  the  Irregularity  in  the  vibrations,  and.  thefe  two  heads  may 
be  referred  to  outward  caufes*  The  third  is-  from  within,  or 
from,  the  nature  of  the  vibrations  themfelves,  which  are,  as 
we  have  faid6  that  if  a  globe  fall  by  its  own  weight,  in  fwing- 
ing  it  will  make  many  vibrations,  yet  they,  will  not  all  be  of  a* 
like  continuance. 

The  irregularity  of  Vibrations  which  proceed  from  the  firlk 
head  may  wholly  be  taken  away,  if  the  Clock  with  the  Pen¬ 
dulum  be  included  in  a  cafe  of  glafs,  or  fuch  like  receptacle, 
wholly  unpaffahle  to  the  air  (  which  how'  to  perform  we  fhall 
fhew  hereafter  )  wherefore  it.  remains  that  we  fpeak  to  the 
two  other,. 


To  the  Irregularity  of  the  third  head,  which  is  as  it  were- 
Inbred  in  the  fimple  vibrations  themfelves,  a  remedy  feems  to- 
be  found  by  the  induftrious  Hugenius  by  the  following  inge¬ 
nious  practice,  the  whole  Art  confifts  in  a  double  arch  of  the. 
figure  of  a  Cycloid,  within  which  the  Pendulum  agitates. 

Fig.  145.  Let  the  Pendulum  be  A  B,  which  is  agitated  to* 
and  fro  by  indifferent  arches  B  C,  B  D  of  20  degrees,-  and  let. 
this  Pendulum  hang  by  a  thred  or  final]  edrd  A  E  of  one  inch 
more  or  lefs,  according  to  the  length  of  the  Pendulum,  whofe. 
remaining  part  E  B  mull  be  ftiff ;  difpofe  here  and  there  near 
the  centre  A  two  bowed  thin  plates  of  mettal  AG  H  and  A  FI, 
fo  that  they  touch  the  lines  A  D,  A  C,  in  the  points  F  and  G, 
and  the  curvity  ought  to  have  the  figure  of  a  Cycloid  3  fo  u  will? 
come  to  pats  that  if  the  Pendulum  make  greater  vibrations,  and- 
runs  out  beyound  the  lines  A  C\  A  D,  it  will  touch  the  Cycloid 
in  the  points  F  and  G,  and  its  length  will  not  any  longer  be  A  D 
but  F  13,,  and  fo  when  the  Pendulum,  Is  made  fhorrer,  its  vi¬ 
bration  continues  kfs  time:  But  why  the  Author  chofe  rather 
die  figure. of  a, Cycloid. than  another  Curve  doth  not  ftifficienr^ 
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ly  appear,  nor  doth  his  Demonftration  feem  to  be  lawful 
whereby  he  pretends  to  fhew  by  this  Cycloid  that  the  length 
of  the  Pendulum  is  made  leffer  and  lelfer  fucceftively,  while 
it  hits  againft  the  thred  A  E,  and  that  that  leffer  length  precife- 
ly  compenfates  the  greater  length  of  time  of  the  vibrations 
which  are  made  by  the  greater  arches. 

The  manner  of  deferibing  the  Cycloid, according  to  the  Au¬ 
thor,  is  two  fold  :  Firft,  deferibe  a  Circle  whofe  diameter  A  B 
is  equal  to  half  the  length  of  the  given  Pendulum  3  take  in  the 
circumference  any  number  of  equal  parts  both  ways  from  the 
diameter  as  AC,  CD,  DE,  EF,  and  A  G,  G  H,  H  1,  I  K,  and 
join  the  parallel  lines  C  G,  D  H,  El,  F  K,  then  make  the  right 
line  L  M  equal  to  the  Curve  or  arch  A  D  F,  and  divide  it  in¬ 
to  as  many  equal  parts  as  there  are  in  the  arch,  to  wit,  into  4 
parts,  one  of  thefe  parts  of  the  line  L  M  transfer  from  C  to  N, 
and  the  fame  transfer  from  G  to  O  3  moreover  two  of  thefe 
parts  L  M  transfer  from  D  in  P,  and  from  H  in  Qj  likewile 
three  of  them  from  E  in  R,  and  from  I  in  S :  Laftly,  all  four 
from  F  in T,  and  from  K  in  V,  and  by  the  points  A,  O,  O, 
S,  V  draw  a  line,  and  alfo  by  the  points  A,  N,  P,  R,  T,  an3 
they  will  be  portions  of  a  Cycloid,  between  which  the  Pendu¬ 
lum  mull  be  hung  from  the  Centre  A3  the  right  line  L  M 
which  is  to  be  equal  to  the  arch  A  D  F,  he  teaches  to  find  in 
this  manner :  Make  X  Z  equal  to  two  chords,  fubtending  the 
arches  AD,  D  F,  then  take  X  Y  equal  to  the  Chord  A  F,  of  the 
whole  arch  A  D  F,  take  the  third  part  of  the  difference  Y  Z, 
that  is  Z  A,  and  add  it  to  X  Z,  and  X  A  will  be  a  right  line  e- 
qua!  to  the  arch. 

Thefecond  way  is  Mechanically  3  on  a  plain  Table,  place  a 
Ruler  A  B  half  an  inch  in  thicknefs/  make  alfo  a  little  wheel  or 
cylinder  of  the  fame  thinknefs  CDEH,  whofe  Diameter  make 
equal  to  half  the  length  of  the  pendulum  3  then  a  thred  or  firing 
FCHE  being  faflned  in  the  point  F  of  the  rule,  and  in  fome 
point  E  of  the  Cylinder,  fo  that  part  of  it  be  wound  about  the 
Cylinder,  and  the  other  part  extended  on  the  fide  of  the  rule 
F  C  3  in  the  fame  Cylinder  fix  an  iron  ftile  D  I,  which  fhall 
defeend  a  little  below  the  lower  bafe,  and  exaftly  correfpond 
to  the  circumference  of  the  Cylinder  3  thefe  things  thus  dif- 
pofed,  if  the  Cylinder  turn  about  on  the  fide  B  A,  towards  A, 
fo  that  the  firing  be  always  wholly  flrecht,  the  ftile  with  its 
point  I,  will  deferibe  the  cycloid  line  I  K,  and  in  the  fame 
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manner,  you  may  defcribe  another  like  and  oppofit  unto  it, 
and  you  will  have  the  figure  M  K  I,  which  reprefen ts  the  fpace 
between  the  two  crooked  pieces  of  thin  inettal,  between  which 
the  pendulum  ought  to  agitate,  fo  as  to  make  all  its  vibrations 
in  equal  times. 

*  Another  late  invention  of  Mathew  Carvpanes  confifts  altoge¬ 
ther  like  to  a  double  Pendulum,  which  is  fo  fitted  to  the  Clock, 
that  one  of  them  moves  and  makes  a  certain  number  of  vibra¬ 
tions,  the  other  refling,  and  by  turns  while  the  firft  refleth  the 
other  finjihes  the  fame  number  of  vibrations  ;  and  in  this  man¬ 
ner,  his  agitated  bv  one  after  tother,  that  as  foon  as  one  refl¬ 
eth,  the  other  begins  to  move  3  for  if  a  pendulum  of  its  own 
accord  and  proper  weight  falling  from  fome  certain  height  of 
its  arch,  make  100  vibrations  in  the  fpace  of  one  minute  of  an 
hour  5  his  certain  that  another  exactly  like  the  former  will  e- 
fe£t  the  fame  number  of  vibrations  in  the  fame  fpace  of  time, 
provided  it  fall  of  it  fdf  from  the  fame  height ;  to  wit,  the  im¬ 
pediment  being  removed  in  the  fame  manner  which  detain’d 
the  pendulum  from  falling  from  that  Altitude  ;  wherefore  if 
two  pendulums  are  fo  fitted  in  a  Clock,  that  they  are  both  e- 
very  where  alike,  and  falling  from  an  equal  height  fini/h  1 06 
vibrations  in  one  minute,  they  will  move  one  after  another, 
nor  will  one  begin  to  move  until  the  other  has  finifht  100  vi¬ 
brations,  and  no  irregularity  can  intervene  in  the  meafure  of 
motion,  fince  each  compleats  100  vibrations  in  one  minute 
precifely. 

And  the  Clock  may  be  fo  difpofed,  that  while  one  pendu¬ 
lum  makes  its  vibrations,  the  other  pendulum  not  only  refts, 
but  neither  any  of  its  wheels  of  the  Clock  are  moved,  belides 
fome  one  deligned  for  the  purpofe,  that  as  foon  as  the  other 
hath  made  100  or  60  vibrations,  it  removes  the  impediment 
which  detain’d  both  the  pendulum  and  the  Clock,  and  detains 
the7  pendulum  firfi:  in  agitation  to  red  at  the  fame  intent  that  the 
Other  together  with  the  (dock  begins  to  move ;  then  again, 
the  Clock  with  the  pendulum  refleth  the  impediment  being  re¬ 
moved  from  the  motion  of  the  other  pendulum. 

This  may  be  done  many  ways,  as  any  one  inftru&ed  and 
exercifed  in  Mechanicks  may  eafily  underftand ;  the  Author 
(hews  one  way,  which  becaufe  he  hath  not  fufficiently  explain¬ 
ed  if,  his  in  vain  to  defcribe  it  here. 

And  although  I  think  this  kind  of  Clock  furnifht  with  a 

double 


Book  IX. 


Mechanic^ owers. 


20  •% 


TV 

V 


double  pendulum  to  De  mod  exact,  and 
minute  in  an  whole  day,  that  is,  in  24  hours,  it  3 
in  feme  Chamber,  and  be  placed  in  an  unmoveahu 
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you  make  ufe  of  it  in  Navigation  to  find  the 
Longitude,  I  cannot  efteem  it  wholly  to  iatishe  what  15  ct  ‘.rea, 
for  two  Reafons  ;  firft,  becaufe  it  can  fcarce  be  in  the  agj.u.  10a 
0[  3,  o*reat  fnip,  but  the  whole  Clock  mtiu  conceive  u. -  ^  ^  n mo¬ 
tion,  or  at  lead  a  light  (baking  or  tremoling  in  it  ft  If,  ai<  1  V1 
it  be  artificially  fixt'on  movable  poles,  or  hangs  on  mow  ole 
circles ;  from  which  trembling  or  fhak  og,  the  vibrations  ot 
the  pendulums  m lift  needs  fuffer  fome  irregularity. 

The  fecond  reafon  common  to  all  kind  or  pendulums  is, 
becaufe  while  the  pendulum  is  moved  together  with  the  (hip, 
it  makes  not  a  circular  motion,  but  another  motion  mixt  of  a 
circular  and  a  right;  yea,  it  the  (kip  oelides  an  HoiL-^maj 
motion  be  agitated  by  other  motions,  chieny  upwards  and 
downwards, as  happens  many  times  in  an  unquiet  Sea,  die  mo¬ 
tion  of  the  Pendulum  will  be  mixt  of  a  Circuler,  Horizontal, 
and  of  other  motions  both  right  and  crooked,  nor  at  any  time 
uniform,  from  whence  it  comes  to  pais,  tnat  while  the  centre 
of  the  pendulum  is  irregularly  moved,  its  vibrations  will  be 
irregular,  and  it  will  run  through  fome  times  gieatei  and 
fome  times  Idler  arches,  or  rather  crooked  lines,  and  altoge¬ 
ther  unlike  between  themfelves,  as  we  have  fhewn  before. 

Problem.  XII. 

To  reduce  the  continual  moving,  and  irregular  Powers:  of 
Clocks  and  Engins,  to  a  regular  and  uniform  motion .. 


Since  in  the  preceeding  Problem  we  have  taught  ways  and; 

means  whereby  the  finite  and  irregular  motions  of  Powers 
may  practically  be  reduced  to  equality  of  motion,  nothing 
teems  now  to  be  wanting,  unlefs  ’tis  to  lhew  how  to  obtain  a 
motion  equal  and  uniform  in  powers  infinite  or  continul, 
which  otherwife  of  their  own  nature  are  irregular  ;  which,  it 
it  be  done,  we  fhall  attain  to  a  motion  continual,  and  altogether 
equal ;  neverthelefs  I  do  not  mean  that  continual  motion  which 
is  altogether  mechanical, or  purely  artificial^  which  in  its  place) 
butthe other  which  is  called  Yhyfice-Mcchanic, became  that  itpait- 
ly  confifts  of  Art,  and- partly  of  Nature ;  for  fince  no  moving 
y  Dd  3  power 
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power,  fee  ms  to  be  continual  or  perpetual,  unlefs  it  be  natural, 
or  depends  immediately  on  a  natural  caufe,  as  we  ft all  manifeft 
1  -altei,  and  thefe  kind  of  natural  powers  or  virtues  in  nature 
keep  not  always  an  equal  order  •  it  is  requifite  to  find  out  an  art 
whereby  we  may  effed  that  their  force,  although  unequal,  may 
neverxhelefs  be  ferviceable  to  the  perpetuating  of  a  motion  e- 
qual,  and  altogether  uniform. 

Therefore  I  call  all  thofe  perpetual  moving  powers,  or  m- 
tu:<il  and  irregular,  to  which  we  are  apt  either  immediately 
or  mediately  to  apply  new  weights,  or  regular  powers,  within 
lome  finite  and  determinate  time  fuccellively,  and  always  to 
the  Engin  being  once  made. 

And  all  the  induftry  and  art  which  is  to  ufed  in  this  matter 
may  eafiiy  be  gathered  from  what  we  have  faid  in  Problem  the 
5th,  for  if  we  fuppofe  a  Clock  to  be  made,  whofe  motion 
according  to  the  rules  preferibed  juft  before  is  abfolutdy  uni- 
form, and  ir  /non  Id  go  fo  for  eight  days  by  fome  weight  hanged 
to  the  lower  wheel,  that  in  that  /pace  of  time,  it  /hall  want 
no  help,  i/  then  within  that  fame  time  of  8  days  an  infinite 
powa,  or  a  perpetual  natural^  one  be  artifically  applied,  that 
liaii  be  fit  to  raife  another  weight  equal  to  the  former,  and  to 
ciepofit  ic  in  the  place  of  the  former,  fo  that  forthwith  the 
of  the  Clock  likewife  ftall  defeend  to  the  bottom,  and 
be  pkced  in  the  fubjeded  channel,  the  Clock  will  be  moved 
agiin  by  that  new  advanced  weight,  according  to  the  artifice 
in  Problem  the  5th.  aforefaid,  and  that  will  al fo  keep  it  going 

0  days,  it  is  plain  that  the  motion  of  the  Clock  will  be  equal 
and  perpetual.  1 


iiut  Note, that  you  muftufe  two  weights  at  lead,  one  where- 
o  mu  ft  be  hung  to  the  Clock,  while  its  regular  motion  moves 
for  ward,  the  otfier  by  an  irregular  power  (  fuppofe  Wind, 
ham,  I  leat  Drought,  &c.)  isjubftituted  in  its  place,  before 
that  hath  di (charged  its  office.  • 

Moreover  thefe  t  wo  weighrs  ought  to  be  Spherical, that  one 
may  eaiijy  lucceed  the  other,  the  devolution being  made  by  a 

'.channel,  or  plane,  fomewhat  declining,  as  in  the  fame  cth  pro¬ 
blem  is  H  ewn,  •  * 

Laftly,  his  convenient  that  the  motion  of  the  Clock  be  long 
enough,  and  lading,  before  the  weight  defeend  to  the  loweif 
pM  e.gor  this  reafon,  that  the  natural  powers  may  ferve  turn  a 
iuificient  time  in  the  interim,  that  the  other  weight  that  comes 
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fn  place  of  the  former  be  drawn  up;  for  although  the  fore- 
faid  power  be  perpetual,  yet  it  adhs  not  always,  or  at  leak  lb 
fit  tie  fometimes,  that  although  at  forne  times  it  be  more  flrong, 
oft-times  neverthekfs.  a  time  may  be  ex^edfe d  for  fame  hours, 
or  alfo  days,  wherein  force  convenient  may  be  attained  by  the 
fuccdfive  and  irregular  feries  of  natural  caufes ;  that  you  may 
more  clearly  luiderftand  \vhat  is  meant  when  we  fpeak  of  per¬ 
petual  motion,  for  then  we  deferibe  various  perpetual  motions? 
Phyfico- Mechanic ,  from  whence  it  appears- of  what  ufe  na¬ 
tural  powers  are,  and  by  what  art  they  are  applied:,  that  their 
force  although  irregular  may  notwkhflanding  perpetuate  a  re¬ 
gular  motion  to  any  Engin  ;  I  will  offer  only  one  Example  m 
this  place,  by  which  you  may  eafily  judge  of  the  reih  Tis 
already  known  to  Artificers,  that  by  final!  Breaths,  or  from  the 
fmoak  of  a  Kitchin  Fire,  fpits  are  wont  to  be  turn'd,  that  is  to 
lay,  difpofe  in  the  centre  of  the  Chimny  (  which  if  it  be  Cy¬ 
lindrical  it  will  be  the  better)  a  crofs,..  or  fome  wheel,  furniflir 
with  wings  made  of  Tin,  in  the  fame  or  like  form  as  is  before 
deferibed,  for  fo  while  thole  wings  hit  obliquely  again!!  the 
Smoak,  they  carry  the  wheel  about,  and  if  there  be  in  the  axis 
a  toothed  Tympane,  k  conveys  that  together  with  it  felf,  by 
which  means  it  moves  other  wheels  annexe  to  it  y  a*  weight 
fomewhat  Spherical  put  into  a  little  Basket,  may  be  raifed  to 
a  certain  height,  and  there  put  down  according  as  we  have 
faid  at  Problem  yth.  And  to  raife  this  weight  which  is  fit  to 
animate  the  Clock  in  motion  24  hours,  it  will  not  be  needful 
that  wood  be  always  put  on  the  fire,  but  a  fire  a  few  hours, 
will  be  fufficient  each  day,  if  the  Clock  which  is  to  animate  by 
the  weight  railed  by  the  Smoak, be  proportioned  to  that  weight.- 
Wherefore  in  this,  and  any  other  like  artifice,  firft  you  muft 
examine  how  much  weight  may  conveniently  be  raifed  by  a- 
natural  power  in  a  Emitted  time  to  a  perfixt  height,  and  then 
make  the  Clock  or  Engin  proportioned  to  fuch  weight* 

What  we  have  faid  concerning  Smoak,  may  take  place  in 
Wind  blowing,  and  Wings  impelling,  which  will  raife  weight 
by  annexing  wheels,  alfo  if  any  one  in  a  City,  or  the  Gate  of 
an  Houfe,  difpofe  a  thrcfaold,  or  little  Bridge  with  an  occult 
leaver,  or  a  fpting  of  thin  mental  plate  a  little  elevated,  lo  that 
by  the  entring  or  going  forth  of  Men,  of  Horles,  and  of  Cha¬ 
riots,  a* weight  may  be  depr tiled  oft  rimes  in  a  day,  from  each 
farce  a.  weight  of  fome  bigneis  may  be  railed,  a  little,  and  fo 
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by  repeated  motions  may  be  drawn  to  a  defrgned  height  for 
i  the  perpetual  animating  of  anydEngin. 

Problem.  XIII. 

A  Clock  animated,  or  going  by  Sand ,  per  fevering  in  motion 
many  days ,  and  /hewing  the  Hours,  and  alfo  Striking. 

After  the  application  of  weights,  or  moving  powers,  we 
come  to  thofe  Engins,  or  meafurers  of  time,  in  which 
the  circular  motion  is  mod  apparent,  and  fince  there  are  many 
Hotir-glaiTes  that  belong  to  perpendicular  motion,  or  to  an  in¬ 
clined  plane,  it  remains  for  the  perfecting  of  them,  that  we 
fhew  how  (  approaching  to  circular  motion  )  it  maybe  effect¬ 
ed  that  they  may  turn  themfelvesby  motion  of  their  own  ac¬ 
cord  after  the  flowing  or  running  of  the  Sand,  and  that  not 
once,  but  many  times  one  after  another,  that  therefore  we 
may  not  only  be  freed  from  the  inconveniency  of  attending 
the  iaft  flux  of  the  Sand,  while  wre  are  converfant  in  any  other 
bufinefs,  but  alfo  that  it  may  not  want  any  help  of  the  hands 
for  feveral  days,  and  each  turning  about  may  fucceflively  fhew 
the  Hours,  or  likewife  Strike  :  Mark  what  follows. 

•  Fig.  143.  Suppofe  A  B  an  Hour-glafs  with  Sand,  fuch  as  is 
commonly  ufed,  in  the  middle  w  hereof  fix  a  tranfverfe  axis  G 
H,  and  in  an  Horizontal  file,  and  to  the  fame  axis  let  there  be 
firmly  fitted  two  Puliies,  or  rather  Cylinders  here  and  there, 
movable  with  the  axis  by  means  of  weights  Qjmd  R  hang¬ 
ing  from  them  3  above  the  Hour-glafs  make  another  Horizon¬ 
tal  axis  I  K,  movable  about  the  poles  I  K,  to  whofe  fide  annex 
an  immovable  arm  L  M,wrth  a  weight  M  affixt  to  its  end;  and 
in  the  middle  in  like  manner,  let  another  little  arm  N  O  para- 
Iell  to  the  former  defcend,  which  may  be  detain’d  in  its  ex- 
tream  part  O,  or  rather  elevated  together*  with  the  weight  M, 
by  a  little  wing  Handing  out  from  the  upper  bafe  of  the  Sand, 
fo  that  being  hindred  by  the  weight  M,  the  Sand  cannot.be 
wholly  turned  by  the  weights  Q^and  R,  notwithftand'ing  it  will 
remain  in  a  fite  not  altogether  perpendicular,  but  fomewhat 
inclined  3  and  the  weighr  M  muft  be  fo  proportioned  to  the 
weight  of  the  Clock,  and  alfo  to  the  weights  Qar.d  R,  that  it 
may  be  detain’d  in  the  laid  inclined  fire,  until!  ail  the  fand  be 
defcend ed  from  the  upper  glafs  A  into  the  lower  one  B,  and 
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grearer  weight,  that  therefore  while  the  Sand  endeavours  to 
be  placed  in  a  perpendicular  lire,  or  in  the  line  of  dire&ion, 
the  weight  M  will  rife  higher,  and  at  once  will  free  the  little 
wing  O  from  the  little  arm  N  O,  from  whence  follows  the 
turning  of  the  Hour-glafs  by  means  of  the  weights  Q^R,  and 
the  lower  part  B  will  be  placed  in  the  upper  part,  and  will  be 
detained  by  the  little  arm  N  O,  by  means  of  the  little  flap  or 
wing  P,  until!  the  Sand  is  again  run  out ;  for  then  it  will  a- 
gain  be  turned  as  before,  and  fo  fucceflively  until  the  weights 
CL. and  R  are  quite  defcended  ;  but  becaufe  the  little  Cylinders 
C  E,  on  which  the  ropes  fuftaining,  the  weights  OR  are 
turn’d  about,  may  be  of  a  fmall  bignefs,  and  becaufe  after  eve¬ 
ry  hour  they  make  but  half  a  revolution,  it  appears  that  the 
motion  of  the  Clock  and  the  turnings  may  be  extended  to  ma¬ 
ny  hours. 

But  if  you  would  fit  an  index  to  fliew  the  hours,  that  you 
may  eafily  obtain  by  means  of  two  little  teeth,  fixt  on  the  end 
G  of  the  axis  G  H  and  oppofite  to  each  other,  which  fuccef- 
fively  and  by  turns  one  after  another,  every  turning  of  the 
Hour-glafs  will  move  forward  the  wheel  G  T,  furniflit  with  fo 
many  teeth  as  there  are  hours  defcribed  in  the  circle,  which 
may  be  noted  by  a  ftanding  index  fixt  in  the  centre  of  the 
fame  wheel;  but  if  in  like  manner  you  affix  an  hour  wheel  in  a 
convenient  place  to  the  fame  Engin,  which  may  be  moved  for¬ 
ward  by  means  of  fome  toothed  Tympane,  or  wheel,  by  the 
fame  axis,  you  may  caufe  the  number  of  hours  to  be  heard  by 
Unking  on  a  Bell. 

Many  other  ways  the  index  may  be  fitted  to  the  fame  En-  . 
gin,  and  the  ftriking  of  the  hours  may  be  made,  as  will  appear 
by  what  we  fhall  (hew  hereafter,  when  we  (hall  treat  of  the  in¬ 
dexes  of  Clocks,  and  their  ftriking. 

Problem.  XIV. 

A  Clock  moving  ly  the  Confumption  of  Oyl  in  a  Lamp. 

Fig-  HP  Ake  a  Lamp  whofe  part  A  B  entertaining  the 
-Lv  JL  Oyl,  is  like  a  Column  or  Cylindrical,  (hut  dole 
every  where,  except  in  its  lowed  part  C,  where  the  Oyl  enters 
llowly  through  a  little  opening  into  a  veil'd  annext  C  L,  while 
the  other  Oyl  is  confumcd  by  the  flame  L  ;  in  the  foremoft  part 

E  e  i  -M 
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I  N  make  a  certain  channel,  and  folder  or  glue  it  to  the  fore- 
faict  Cylinder,  within  which  on  the  upper  part  make  a  feciet 
or  hidden  pu#  I,  with  an  axis  E  F,  presenting  or  conveying 
on  the  outward  vilible  face  the  index  of  the  hours  defcnbed  in 

Thefe  things  being  done,  put  Oyl  into  the  Lamp,  or  Cylin¬ 
der  A  B,  upon  which  let  a  cube  D  of  light  matter  ( as  Cork,  or 
Wood  )  fwim,  and  to  this  you  muft  fatten  a  thied,  01  cat-gut 
D  C  G  I  M,  viz-  that  it  may  defcend  from  the  upper  fuperficies 
of  the  Oyl  to  C,  and  being  put  about  the  litr  e  pulnes  C C,  it 
may  afcend  to  I,  and  be  folded  about  that  pulley;  and  laftly, let 
the  other  end  M  fuftain  a  weight,  yet  of  lefs  gravity  than  to 
draw  downwards  the  cube  D,  which  mutt  always  Swim  up¬ 
on  the  Oyl,  and  while  the  Oyl  confumes,  it  defcends  with 
the  Oyl,  and  draws  the  thred,  or  Cat  gut,  with  the  weight  M, 
and  tulips  the  pulley  I,  together  with  the  hour  Index. 

Note,  That  the  magnitude  ot  the  little  pulley  I,  muft  bepio- 
portionate  with  the  defcent  of  the  Oyl,  and  of  the  cube  D  j 
wherefore  we  muft  obferve  how  much  the  cube  defcends  m 
one  hour,  to  the  end  that  the  little  pulley  moving,  the  index. 

I  may  b;e  moved  orderly.  „  .  .  ..  ,  -  .... 

Moreover  the  receiver  muft  be  uniform,  and  ofone  thtck- 
nefs,  and  muft  make  ufeof  the  fame  number  of  threds  that  the 
Oyl  may  be  confunied  uniformly,  and  the  Lamp  may  be  filrd 
with  Oyl,  either  by  a  little  door,  or  wicker,  beneath  C,  or  by 
feme  hole  in  the  upper  bafe  of  the  Cylinder  A,  which  after¬ 
wards  mull  be  diligently  fenced  from  the  Air  ending  m  with 

n  Screw 

1  If  the  axis  of  the  little  pulley  I  be  fo  fitted  within  the  Cy- 
Under  A  B,  that  its  end  F  {tick  out  on  the  out-fide  by  a  hole 
made  in  the  fame  Cylinder, and  turn  about  the  Index,  you  will 
obtain  the  fame  effect:  without  the  channel  on  the  exterior  part 
I  N  which  is  made  to  c'aufe  the  artifice  to  feem  occult  and  mi¬ 
lter  ions  ;  but  that  hole  muft  be  fo  fitted  to  the  movable  axis  with¬ 
in  if  L  F,  that  there  appear  no  admittance  for  air  into  the  Cy¬ 
linder  A  B,  for  if  there  be,  the  Oyl  will  wholly  de.cenc,  and 
be  poured  out  without  the  vdlyl  C  I-  , 

Alin  the  index  of  the  hours  may  be  made  in  the  uppei  bale 
A  of  the  Cylinder  to  fit,  fo  that  the  bafe  it  felt  be  for  the 
hour  circle,  which  may  eafily  be  obtained  many  ways,  Ha  wid 
appear  to  any  indaftrious  Artificer.  La*/r 
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Lafily ,  Befides  the  circle  and  the  hour  index,  there  mgy  be  ap¬ 
plied  a  toothed  wheel,  by  whofe  means  the  hours  may  linker 
and  if  to  make  it  more  ingenioufly,  you  would  place  a  little 
Bell  within  the  Lamp  to  give  notice  of  the  hours,  you  nruft 
folder  or  glue  an  open  tube  fpirally  to  both  ends  of  the  im 
ward  fuperficies  of  a  concave  Cylinder,  defcending. about  the 
Cylinder  3  and  through  this  tube,  or  channel,  defcend's  the  Qyl 
while  it  wafts  by  degrees,  and  a  globe  of  light  matter  fwiirh 
ming  on  the  Oyl  within  the  tube  3  then  all  things  being  fo  fit¬ 
ted,  that  in  each  hour  the  motion  of  the  Globe  in  defcending, 
finiflies  one  whole  fpire,  and  then  it  hits  againft  a  peftle,  of 
fome  flap,  or  wing,  which  loofes  the  movable  wheel  from  the 
weight,  as  is  wont  to  be  done  in  common  Clocks  with  wheels, 
fo  after  the  finifliing  of  each  fpace  of  the  fpires,  the  Globe 
unlooling  the  fame  wheel,  caufes  new  ftroaks  of  the  hours  on 
the  Bell. 

Problem,  XV. 

To  make  a  pulley  Clock ,  or  a  Clock  of  meer  pullies  without 

any  toothed  wheels , 

Fig.  145-HpHis  artifice  is  propofed  by  Father  Schottus,  lib.  9. 

1  Tecnic.  Cap.  io.  Prop.  47.  Let  there  be  ( fays  he ) 
a  little  pulley  A  B  about  its  axis,  or  alfo  with  a  movable  axis, 
to  this  join  the  perpendicular  M  N  P,  by,  the  artifice  in  Pro¬ 
blem  the  3d,  and  that  by  means  of  a  little  rod  M  A  3  from  the 
little  pulley  A  8,  fufpend  the  pulley  C  D,  by  means  of  a  per¬ 
petual  knotty  little  chord,  whether  thole  knots  be  made  of 
firm  little  balls  difpofed  or  fixt  to  the  rope,  or  knots  made  by 
bending  the  chord  it  felf,  and  cavities  or  hollowings  of  equal 
fpace  from  one  another,  to  anfwer  thefe  knots  in  each  pulley 
A\B  and  C  D  3  the  pulley  C  D  hath  in  its  axis  a  little  pulley  E 
F  made  fail,  from  whence  is  fufpended  in  the  fame  plain  man¬ 
ner  the  pulley  G  H  3  and  fo  henceforward  the  pulleys  may 
be  continued  as  many  as  are  needfully  from  the  lower  pulley, 
viz,',  to  the  little  pulley  I  K,  of  the  pulley  G  H,  hang  the  weight 
L,  fufficienc  for  the  motion  of  the  pullies,  and  of  the  perpen¬ 
dicular  3  all  the  axes  of  the  hanging  pullies  muft  be  moved  not 
within  a  firm  hole,  but  within  a  certain  flit,  or  notch,  cut  from 
the  top  to  the  bottom,  that  while  thofe  perpetual  chords  md 
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the  knots  are  contra&ed,  or  diftended,  the  axes  of  the  pullies 
may  be  railed,  or  depreffed;  the  reft  that  belongs  hereto,  as  the 
proportions  of  the  pullies  to  each  other,  are  eafily  underftood 
from  what  is  faid  before,  all  thofe  pullies  being  agitated  by 
the  force  of  the  weight  L,  will  be  moved  circularly,  and  the 
perpendicular  N  P,  freely  moving  in  its  centre  or  point  of  fufpen- 
fion,  will  be  agitated  by  the  little  pulley  A  B,  and  the  little 
rod  A  M :  See  the  problem  before  cited,  and  the  other  ways  of 
applying  pendulums  to  Clocks  before  deferibed. 

According  to  the  Author,  the  Pullies  muft  be  fo  difpofed 
that  their  axes  move  within  the  flit,  or  notch,  and  that  caufes 
the  Engin  to  work  ill,  for  when  the  axes  gravitate  unequal¬ 
ly  from  the  other  Pullies,  or  from  the  weight  L  hung  to  the 
Pullies,  they  are  crooked  or  awry,  and  do  not  retain  an  hori¬ 
zontal  lire  as  they  ought  ;  wherefore  the  axes  fhould  rather 
be  put  into  firm  holes,  and  left  the  chords  be  fhrunk  or  ftretch- 
ed  by  wet,  or  drought,  they  may  be  wove  of  metallic  threds,. 
or  wyres  3  but  if  you  ufe  common  chords  the  axes  muft  be 
put  into  flits,  and  not  into  holes,  but  the  pulley  ropes  ought 
to  be  doubled,  and  the  weight  hung  to  the  lower  little  pul¬ 
ley,  to  wit,  to  the  axis  of  the  pulley  C  D,  another  little  pul¬ 
ley  equal  to  E  F  muft  be  fixt,  and  you  muft  anfwer  the  fame 
in  the  oppofite  face  of  the  pulley  ;  which  little  pulley  in  like 
manner  with  another  perpetual  chord  muft  fuftain  the  fame 
pulley  G  H,  or  rather  another  altogether  like  it,  and  annexe 
to  it :  Laftly,  another  fmall  pulley  like  to  I  K  muft  anfwer  on 
the  oppofite  face  ;  then  the  weight  L  will  be  parted  in  the 
middle,  and  will  be  fuftain’d  partly  by  the  little  pulley  I  K, 
and  partly  by  the  other  oppofite.. 

Problem.  XVI. 

Jo  render  the  motion  of  a  Tendulum  continual  for  many  hours? 
or  alfo  whole  days. 

MAny  Artifices  have  been  invented’  in  the  laft  years  of  this 
Age,  and  various  ways  thought  on  of  rendring  or  ef~ 
iefting  the  motion  of  Pendulums  continual,  that  they  may 
perlevcre  for  many  hours  or  days  with  the  lame  perpetual  ve¬ 
locity  ;  from  whence  alfo  this  advantage  follows,  that  all  the 
vibrations  are  made  in  equal  times  3  fame  of  thefe  kinds  of 

Artifices 
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Artifices  I  fhall  defcribe  in  this  place,  which  feem  ro  me  moft 
meet  for  the  purpofe,  for  any  one  of  his  own  ingenuity  may 
take  occafion  to  think  of  others. 

Fig.  14/j.  Firft  then,  let  the  Pendulum  he  A  B,  to  which  at 
right  Angles  join  the  little  arm  A  C,  and  let  the  upper  wheel, 
or  toothed  Cylinder  be  D  E,  which  being  turn’d  about  draws 
with  it  another  little  arm  D  C,  made  fad  in  the  bafe  of  its  Cy¬ 
linder  near  the  circumference  being  round  in  the  middle,  and 
with  a  fmooth  pin,  fo  that  the  little  arm  may  be  freely  mo¬ 
ved  about  this  pin,  and  confequentiy  while  his  turn’d  about 
the  Cylinder,  or  wheel  D,  the  little  arm  D  C  may  be  deprefs’d* 
or  bore  down,  which  conjoin  in  C  with  another  little  arm, 
and  the  angle  C  being  inlarged  will  fuddainly  caufe  the  lance 
of  the  Pendulum  A  B  to  be  lifted  up,  which  is  join’d  in  A  to 
the  wood  I  L  from  whence  being  fufpended  his  detain’d,  but 
neverthelefs  it  freely  turns  about  the  fmooth  pin  A  faftned  to 
the  wood  3  then  fomc  fufficient  weight  being  added  to  the 
lower  wheel  G,  from  this  motion  follows  the  motion  of  the 
w7heel  above  it  F,  and  this  being  in  the  middle  (  as  it  is  wont 
to  be  in  Clocks )  turns  about  the  uppermoft  wheel  E  D,  which 
drawing  with  it  the  little  arm  of  the  pendulum,  the  fame  im¬ 
prints  a  motion  to  the  pendulum,  as  long  as  there  is  new 
rope  which  fuftains  the  weight  annext  to  the  wheel  beneath, 
or  lowed  wheel. 

Note,  inftead  of  the  Cylinder,  or  little  wheel  D  E,  you  may 
fit  a  toothed  Cylinder  having  a  crooked  handle,  which  will 
lay  hold  on,  and  turn  about  the  little  arm  D  C,  fuch  as  is  the 
Cylinder  M. 

Note  alfo,  by  how  much  lefler  the  proportion  of  the  diame¬ 
ter  of  the  little  wheel  D  fhall  be  to  the  arm  A  C,  fo  much  lef¬ 
ler  will  the  arches  be  that  are  deferibed  by  the  motion  of  the 
pendulum  A  B. 

Fig .  147.  In  the  fecond  place  let  the  pendulum  A  B  be 
movably  fixt  in  A,  in  its  lance  fallen  the  arm  M  G,  which  may 
eafily  run  fometimes  into  this,  fometimes  into  that  part,  and 
fuftain  it  parallel  to  the  horizon  3  from  the  middle  part  of  the 
fame  arm  M  G  llretch  out  wood  or  iron  like  a  little  fork,  or 
two  teeth,  made  hollow,  flicking  out  as  at  L,  which  in  its  ca¬ 
vity  or  cleft  admits  the  pulley  E  F,  immovable  and  in  an  ob¬ 
lique  fite  put  into  the  axis  C  D  3  let  this  kind  of  axis  be  fur- 
nilht  with  a  toothed  Cylinder,  which  will  be  turn’d  about  by 

the 
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the  wheel  N,  by  means  of  the  weight  P  being  added  to  it,  or 
by  means  of  other  wheels,  as  you  pleafe  :  The  Engin  being 
difpofcd  in  this  manner,  while  the  axis  I  H  is  turn’d  about  of 
the  lower  wheel  ;  in  like  manner  the  middle  axis  C  D  is 
turn’d  about  by  the  toothed  Cylinder,  and  with  it  the  little 
pulley  E  F,  which  fince  it  obtains  an  oblique  fite,  it  caufes  the 
arm  G  M,  into  which  it  is  put  to  run  to  and  fro,  and  moves 
the  pend  alum  A  B. 

Fig.  14.8.  Thirdly,  Suppofe  the  pendulum  D  B,  hanging 
from  the  arm  A  C,  immovably  fixt  in  C,  and  let  the  lance  of 
the  pendulum  he  ftretcht  out  fomewhat  above  the  point  A, 
from  whence  his  fufpended,  to  wit,  in  D  •  then  ft  the  axis 
E  F,  fuftain’d  in  the  middle  by  the  arm  F,  to  which  join  the 
toothed  Cylinder  L,  and  let  this  axis  be  ftretched  out  through 
the  hole  of  the  arm  F  towards  A.  Lailly,  in  the  extream  part 
of  it  near  A,  let  it  be  furni/ht  with  a  concave  Cylinder,  and 
being  cut  oblique,  fo  that  the  fedtion  G  D  make  an  Elliptic  fi¬ 
gure  ;  the  Point  A  from  whence  the  lance  of  the  pendulum  is 
fufpended,  muft  be  in  the  fame  horizontal  right  line  with  the 
axis  E  F,  and  with  the  arm  A  C  3  moreover  it  ought  to  be 
precifely  in  the  centre  of  the  fame  fedtion  G  D,  although 
becatife  of  the  cavity  of  the  Cylinder  the  point  of  hanging  re¬ 
mains  free  in  the  air. 

Then  while  the  toothed  Cylinder  L  is  turn’d  round  together 
with  the  axis  E  F,  the  Cylinder  D  G  is  turn’d  all  under  one, 
whole  extream  or  end  being  an  oblique  Sebtion,  hitting  againft 
the  lance  of  the  Pendulum  it  unites  a  motion  like  to  the  pre¬ 
cedent. 

Fig.  149.  Fourthly,  let  the  Pendulum  be  A  B,  whofe  axis 
A  C  carries  with  it  two  toothed  Cylinders  D  and  E,  which  in 
like  manner  here  and  rhere,  lay  hold  on  the  toothed  wheel 
D  E,  but  with  interrupted  teeth,  fo  that  while  one  Cylinder 
lays  hold  on  the  wheel  on  one  part,  the  other  Cylinder  lyes 
upon  the  oppoiite  part  of  the  wheel  which  wants  teeth,  and 
therefore  the  whole  wheel  ought  to  be  divided  into  many  rows 
of  teeth  in  an  odd  number,  and  his  convenient  to  make  each 
row  of  three  teeth,  and  between  one  and  the  other  row,  a 
fpace  of  teeth  left  vacant,  as  much  as  is  occupied  by  three 
teeth ;  fo  as  often  as  the  weight  /hall  be  hung  to  the  lower 
wheel  H  K,  this  being  turn’d  about,  will  move  the  toothed 
Cylinder  F,  which  being  in  the  middle,  will  move  the  fore- 


Book  IX, 


Mechanic 4  Powers. 


215 

faid  toothed  wheel,  which  biting  the  toothed  Cylinders  D,  E, 
one  after  another,  fomtimes  on  one,  fom times  on  the  other 
oppofit  part,  will  move  in  like  manner  the  pendulum  A  B  al¬ 
ternately.  ^  ^ 

And  as  in  the  forefaid  Engins,  each  vibration  or  tne  pendu¬ 
lum  is  made  in  a  determined  part  of  time  3  to  wit,  inonefecond 
minute,  or  in  20  third  minute,  &c.  the  proportion  of  the  wheels 
and  of  their  teeth  muft  beobferved,  as  in  this  iaft  Fngin,  n  vie 
would  compofe  each  vibration  of  the  pendulum  to  anfwer  one 
fecond  minute ;  in  the  wheel  D  E,  difpofe  z§  rows  of  teeth 
with  as  many  vacant  fpaces  between,  the  Cylinder  F  muft  be 
furnifht  with  8  teeth,  the  wheel  H  K  muft  have  96  teeth,  the 
Cylinder  G  likewife  con  lifts  of  8  teeth,  beneath  which  will  be 
another  wheel  of  96  teeth,  to  which  hang  a  weight  j  for  in  this 
manner  ^600  compound  vibiations  will  he  made  in  each  hour, 
each  whereof  will  be  equal  to  one  fecond  minute  ;  then  make 
fit  the  weight  hung  to  the  low'ermoft  wheel,  with  the  length 
and  weight  of  the  pendulum  A  B,  in  fuch  manner,  that  tne 
lower  wheel  be  once  turn  d  about  in  an  hour  piecifely,  lot  fo 
it  will  come  to  pafs  that  the  Cylinder  G  will  be  turned  12  turns, 
and  the  Cylinder  F,  together  with  the  wheel  D  E  144.  turns, 
and  at  laft*  the  pendulum  will  finilh  3600  compound  vibra¬ 
tions. 

Inftead  of  the  wheel  D  E  of  difeontinued  teeth,  you  may 
ufe  a  toothed  wheel  common  to  Clocks,  if  inftead  of  the  Cy¬ 
linder  of  teeth,  laying  hold  on  it,  you  tife  two  little  handles, 
which  by  turns  fhall  urge  and  move  forward  thofe  teeth  of  the 

wheel,  by  laying  hold  of  them.  .  ,  . 

Inventions  of  this  kind  are  excellent,  not  only  in  being  ler- 
viceable  in  continuing  the  motion  ot  the  pendulum,  but  alfo 
in  making  of  Clocks  moft  exadt  as  is  obvious  to  every  confide- 
rate  perion  j  which  Engins  or  Clocks  have  this  utility  and  con- 
veniency,  that  they  Icarce  make  any  noiie  in  their  motion, 
fince  the  pendulum  is  inftead  or  a  Bailance,  which  in  common 
Clocks  cannot  agitate  without  noife. 


Problem 
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Problem.  XVII. 


To  make  a  Clock  to  Jhew  the  hours  on  both  fides ,  new 

■method r,  which  by  a  weight  hung  to  either  of  its  fides  pro - 
fecutes  its  courfe,  and  the  index  oj  the  Clock  proceeds  for¬ 
ward  in  loth  motions  confequently. 


He  Author  before  cited  teaches  this  Artifice :  See  the  laft 


1  Figure  of  the  preceeding  Problem,  where  we  have  taughr 
the  method  of continuing  the  vibrations  of  a  Pendulum  3  for  if 
you  rightly  underftand  the  conftrudtion  of  the  Artifice  of  this 
Engin,  ’tis  manifeft  from  thence,  that  if,  while  the  perpendicu¬ 
lar  A  B  is  agitated,  the  wheel  K  H  fuddenly  changes  its  turn¬ 
ing  about  to  the  oppofite  part,  that  is,  it  begins  to  move  to  the 
right  hand,  when  before  it  moved  to  the  left  hand,  the  moti¬ 
on  neverthelefs  of  the  perpendicular  will  in  no  wife  be  hun¬ 
dred;  becaufe  that  in  whatfoever  place  of  its  arch,  the  per¬ 
pendicular  A  B  lays  hold  on  unawares  from  its  firft  acquired 
impetus,  it  will  continue  the  fame  vibration  3  but  for  the  follow¬ 
ing  vibration,  it  will  have  the  favoring  impulfe  to  it  felf,  for  as 
much  as  the  parity  of  the  reft  is  the  motion  inftituted  by  the 
wheels  in  this,  or  that  part. 

The  fame  may  be  obtained  other  ways,  as  is  explained  in  the 
foregoing  Problem,  but  chiefly  by  the  Figures  146  and  148,  but 
yet  eafier  by  application  of  a  Pendulum,  which  we  have  taught  at 
Problem  j  3  it  only  remains  then  that  an  index  be  applied  fo, 
that  although  the  turning  of  the  wheels  be  made  on  the  oppofit 
part,  yet  it  always  proceeds  forward  in  the  fame  part. 

Fig.  i^o.  Let  the  axis  A  B  be  continually  movable  toge¬ 
ther,  with  the  toothed  Tympane  B,  firmly  adhearing  to  the  ax¬ 
is,  which  forces  the  wheels  of  the  Clock  on  both  lides  to  this, 
or  that  part. 

In  the  firft  place,  fix  on  the  fame  axis,  two  wheels  with  fin¬ 
gers,  or  claws,  within  which  fmooth  holes  being  bored  in  the 
centre,  and  the  axis  being  fmooth  will  move  freely  3  moreover 
put  upon  the  axis,  two  other  Cylindrics  G  H,  and  I  K,  with 
law-like  teeth  or  jags,  each  whereof  muft  be  firmly  put  into 
the  axis,  and  turnable  together  with  it,  the  jags  of  theie  wheels 
bend  to  the  oppofit  parts,  and  are  ftifned  in  the  oppofit  parts  by 
wedges,or  little  peftles  C  G,  E  I,  each  of  which  is  furnifht  with 
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a  little  prefling  wing  In  prefling  its  power,  that  the  pins  bend' 
ing  forward  to  the  Jags,  admit  the  motion  without  much  re- 
fiftance,  and  thefe  pins  are  conveyed  by  the  "finger’d  wheels 
G  D,  and  E  F,  to  which  are  fixt  fmooth  little  pins  holding 
them  at  liberty;  lafily,  to  the  two  finger’d  wheels,  there  muft 
be  added  a  third  C  E  movable  with  the  axis  L  M,  and  its  fin¬ 
gers  folding  in  both  the  fingers  of  the  wheels  C  D  and  E  F,  k 
may  be  expedient  that  the  wheel  C  E  referrs  to  another  fire, 
ro  wit,  vertical,  (  if  neceflity  require  it )  the  circle  of  the  wheel 
being  put  in  points  defigned. 

Therefore  the  Tympane  B  with  the  axis  and  jag  wheels  G 
H,  I  K  fixt  in  it,  are  turn’d  in  either  part,  for  prefemly  either 
of  the  jag  wheels  will  be  bound  by  its  bar  or  pin,  and  render 
its  finger  as  k  were  continual,  which  with  the  axis  leads  it 
with  it  fdf,  and  the  wheel  C  E  together;  and  becaufe  this  in¬ 
folds  its  fingers  with  the  other  wheels,  it  impells  ic  but  in  the  op- 
pofit  part,  in  which  its  bar  or  peftie  hinders  not  in  as  much  as  the 
oppofit  jags,  holding  the  former  and  admitting  the  motion  on 
that  part;  now  if  the  Tympane  B  change  its  turning  to  the 
oppofit,  then  that  which  wras  firft  hundred  by  the  peftie  or  bar 
will  be  loofed,  but  that  which  was  loofelays  hold  on  his  jag¬ 
ged  wheel,  which  then  firft  begins  ro  move  in  the  fame  parr, 
in  which  his  finger'd  wheel  moved  before,  and  fince  the  fin¬ 
ger'd  motion  is  the  fame  now  as  before,  becaufe  continued  in 
the  fame  part,  therefore  the  motion  will  be  continued,  and  the 
half  of  the  Fingers  CE  ;  to  which  therefore  an  hour  index  be¬ 
ing  fitted,  will  always  move  forward  into  the  fame  part  whi- 
therfoever  the  Tympane  B  wfith  the  whole  Dial  is  carried. 

Note,  Firft,  That  the  w  heel  C  E  advancing  always  imhrs  or 
that  part,  depends  on  the  jaggs  or  faw-Hke  teeth,  reciprocally 
inclining,  and  turning  towards  this  or  that  part,  whence  if 
the  fite  of  both  of  them  be  changed  by  inverting  both  the  jag 
wheels,  and  the  other  face  being  applyed  to  its  finger’d  wheel 
(  the  peftles  or  bars  of  the  Jaggs  being  alfo  changed  )  the  moti¬ 
on  of  the  wheel  C  E  will  belikewife  changed. 

Secondly,  if  the  w  heel  C  E  be  led  about  by  the  hand  in  that 
part  in  which  it  w'as  firft  impelled  by  the  fingers  C  D,  and  E 
F,  both  thofe  fingers  will  be  moved,  but  the  axis  with  the  law- 
Tike  teerh  =•  wheel,  refteth  by  force  of  this  Conftrudtion  if  no¬ 
thing  eife  hinders,  and  may  in  the  interim  be  turned  in  tins  or' 
that  part,  while  ’tis  not  moved  fooner  than  the  .axis  L  M. 

F  f  Third lr 
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Thirdly,  but  if  you  will  lead  about  the  wheel  C  E  by  the  hand  ■ 
in  the  oppofite  parr, and  not  in  it  which  it  was  decreed  to  move, 
no  motion  at  all  will  follow, but  the  whole  fyftem  will  be  firm, 

-  and  will  flick,  fo  that  the  refiftance  of  the  hand  detaining  the 
wheel  exceeded^  his  neceflary  to  apply  a  proportionate  pow¬ 
er  to  the  tympane  B  on  each  part  of  it,  which  is  no  iels  a  Pa¬ 
radox  than  the  former  y  this  conftrudtion  extends  it  felf  to  ma¬ 
ny  other  Problems  of  motion,  as  the  deducing  the  librating  mo¬ 
tion  into  Circular,  to  the  recalling  whatfoever  irregular  motion , 
to  a  well  order’d  Circular,  &c.  as  will  appear  in  what  follows.: 

Problem.  XVJIi:. 

The  Hydraulic:  Clock  of  Father  BettiauSiB 

THis  kind  of  Clock  is  indeed  very  ingenious,  and  the  in¬ 
vention  of  Father, Bett'mui,  and  afterwards  increaft.  andi 
enlarged  in  many,  things  by  Father  Efchimrdusy  of  whole  work  : 
alio  I  have  often  obferved  not  without  great  pleafure  of  mind,, 
the  like  Engin.  made  in  xhe  .Roman  College,  which  performed 
the  effedl  beft  of  any  :  -  Therefore  left  our  work  fhouid  want 
fomewhat  of  thofe  things  which  fcent  mofLof  Ingenuity,  wee 

have  tranflated  this  from  Bettims, . 

'  »  * 

The  outward  Artifice  of  the  Hour  Tympane  a. 

Fig,  i  ^  i ,  You  fee  the  exprefs  form  of  the  Tympane  con-  - 
veyed  from  the  axis  through  the  centre,  whofe  apparent  Pole: 
is  H,  and  the  ether  pole  not  apparent,  and  of  the  chord  I  K  L 
M  N  P,  whofe  two  ends  are  fixt  in  I,  and  the  little  pulley  K 
(if  you  pleafe  of  Brafe)  with  a  fmall  weight  ftretching  out  the 
rope  lightly,  that  beyond  L  it  adheres  about  the  occult  pole : . 
But  the  great  weight  under  the  pulley  N  while  the  rope  en¬ 
deavours  to  draw  the  chafed  axis,  and  as  it  were  toothed,  af¬ 
terwards  moves  the  Tympane  together  with  the  Tympane  and 
the  number  4  afeends,  and  after  the  Tympane  movable  pieces- 
either  of  wood  or  iron  toothed,  whofe  form  and  art  we  will 
Ihew  hereafter,  and  fome  fuch  you  fee  CC  R,  while  they  hit 
again  ft  the  movable  and  changing  plate  of  mettal  S,  it  con¬ 
nects  the  handles  T  V  X,  being  drawn  together  they  raife  the 
little  hammer  on  the.  fide  of  the  little  Bell  Y  to  ftrike  the. 
hours*,. 
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The  art  of  changing  the  numbers  in  the  hole,  where  4,  as 
it  were,  lies  hid  under  the  circular  plane,  as  alfo  the  art  of  fet¬ 
tling  at  liberty  the  teeth  under  the  plane  of  the  oppofite  Tym- 
pane,  we  will  /hew  hereafter. 

Sett.  IL 

The  inward  artifice  of  the  Tympane . 

■Fig,  /^Ne  circular  planes  being  drawn  afide  the  Tym- 
1 52. pane  immediately  /huts,  and  that  on  the  other  part  o~ 
pens, as  you  fee  in  the  figure  annext ;  behold  there  appears  to  you 
the  fuperficies  of  two  concentric  cylinders  ABC,  DEF  with¬ 
in  the  Tympane,  within  the  concave  of  the  lefler  the  flays  or 
props  are  G,  H,  in  whole  holes  the  axis  of  the  Tympane  is  put, 
within  the  convex  of  the  lefler,  and  the  concave  of  the  grea¬ 
ter  is  the  plane  K,  which  is  join’d  to  the  cylindric  fuperficies* 
and  to  the  circular  planes  /hutting  the  Tympane  ;  through  the 
little  hole  I  of  the  fmalf  plane  I  K  pafles  water  to  run,  when 
the  Engin  is  moved  by  force  of  the  weight,  and  defeending  m 
C,  the  water  is  preft  by  the  plane  KL 

Therefore  while  the  rope  about  the  little  toothed  wheel,  af 
eter  H  by  the  force  of  the  weight  weighing  down  to  the  parts 
'beholding  the  left. hand  as  F  E,  thruft  through  G,  H  turns  the 
axis  together  with  the  Engin,  and  the  plane  K  I  defeends  and 
hits  again/!  the  water,  and  prefles  it  towards  the  parts  behold¬ 
ing  the  right  hand  as  MAj  in  the  mean  while  the  water 
•tickles  down  through  the  hole,  and  by  little  and.  little  the 
plane  K  i  intercepts  the  middle  between  the  water,  until^  the 
water  running  between  more  and -more  through  the  hole  1, 
and  the  plane  K  I  afeending  to  the  parts  towards  A  E>  (  or  be¬ 
holding  the  right  hand  )  moft  part  of  the  water  which  flows 
beneath  the  plane  increafes  the  force  of  the  weight  hanging  a- 
bout  the  axis  H,  and  caufeth  the  plane  K  I  which  now  is  idle 
in  the  parts  A  D  with  a  little  water  (  which  it  hath  not  as  yet 
deeply  flowing  above.it  felf )  at  length  his  turn'd  by  A  D  with 
a  fwifter  motion  towards  C  f  or  to  the  parts  beholding  the  left 
hand)  and  from  thence  it  defeends  again  and  the  water  pref- 
feth,  which  again  flows  through  the  hole,  &c.  and  lb  perpetu¬ 
ally  by  turns  the  Engin  is  HU*ned,theOrb  compleating  a  rotation 
once  in  each  hour. 
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* 

The  art  is,  that  the  dropping  of  the  water  continue  an  whole 
hour,  whiles, that  after  a  (low- and  infen fible  motion  of  the  Erh 
gin  for  an.  hour,  unexpefikdly  the  Engin  turns,  in  the  begin¬ 
ning  of  the  dropping  •  in  which  revolution  the  hour  is  driick 
on  the  back  part  of  the  Tympane,  but  in  the  forepart  the  note 
or  figure  /hewing  the  hour  on  the  dial  plate  is.  changed. 

Seff.  IIL , 

An  caff  and  moft  ingenious  Art ,  whereby  the  number  of  hours 
are  always  changed,  and  aijo  the  hours  are  ft  ruck  it  the 
hour  Tympane  without  the  artifice  of  other  vulgar  movers . 

fig.  *pHE  invention,  of  which  linking  and  changing  you 
1 44  JL  fhall  have  here  in  a  double  figure  :  And  firffi  that 
which  belongs  to  the  changing  of  the  numbers  fhewing  the 
hours  5  fuppofe  on  the  fore  part  of  the  fiu>t  Tympane,  the  "plane 
to  be  drawn  a  fide  with  the  inclofed  little  boards. 

The  circle  ABC  D  expofes  to  the  eye  that  plane  on  the  fore 
part,,  to  which  is  affixt  in  E  and  F  the  Hexagon  plane,'  lefiened 
in  on  fide  P  Qa  half  part  of  one  of  the  other  fides  3  and  that 
Exagon  is  the  excentric  to  the  circle  A  B  C  D,  having  a  hole  G 
common  with  the  circle  (  which  is  the  centre  of  the  circle  ) 
in  which  the  axis  of  the  Tympane  is  conveyed  through.  The 
hole  under  .  A  is  rharT  under  which  the  number  of  the  hour 
Indexes  appear  on  the  other  part  in  the  little  boards,  which 
niuft  be  noted  in  the  hinder;  part  of  the  little  boards,  but  in 
the  figure  for  plainnefs  they  are*  noted  in  the  face  apparent  to 
the  eye  3  you  fee  thofe  little  boards  joined  to  little  thin  plates 
of  mettal  with  corners,  the  ends  whereof  are  movable  about 
the  fixt  little  pills  -within  the  little  boards. 

The  outward  form  oft  he  art  you  have  in  thefeperare  H,  and  at 
l  and  K  ;  imagine  then  the  little  board  H  to  be  in  his  place  be¬ 
tween  I  K,  and  to  (land  upon  the  fide  P  Q^,  which  is  only  fit  to 
receive  one  little  board,  the  other  (ides  being  large  enough  for 
two,  as  you  fee  in  the  Figure  3  then  while  H  between  I  K 
thews  the  number  (  which  you  nuift  conceive  on  the  other  part} 
of  theJiril  hour  through  the 'hole  A;  and-the-circle  A  B  CD  is 
turned  with  the  Tympane  fiowly  fuppofe  towards  A,  the  little 
boards  7,  8  fit  themfelves  to  the  iide  ML,  and  <5,  5,  to  the 
fide  L  R,  4,  3,  to. the  fide  R  (fi  and  by  reafon  of  the  obliquK 
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tv,  the  little  board  H  being  removed  from  the  fide  P  Q_,  in  its 
place  fucceeds  2,  and- (hews  it  felf  under  a  form.  Moreover  H;> 
and  1  z  fit  themfelves  to  the  (ide  P  N,  ri  and  10,  to  the  fide 
MNj  9  and  8,  hang  down  beneath  L  M,  and  8  fucceeds  in 
the  place  of  the  middle  7  hanging  down,  &c.  and  three  always 
hang  down  without,  and  beneath  one  fide  as  you  fee  6,  7,  8, 
b'eneath  M  L ;  and  by  this  ingenious,  eafy,  (imple,  and  won- 
derful  art  the  little  boards  change  by  turns,  and  one  after  ano¬ 
ther  they  (hew  the  hours,  the  number  of  hours  being  infcribed  - 
under  an  open  bright -hole.  :  ’•  ;  . 

Fig.  154.  But  that  which'btfdngs  to  the  -finking  of  the 
hours  is  thus  5  fuppofe  on  the  back  part  of  the  (hut  Tympane, 
the  plane  being  drawn  afide  with  the  indofed  toothed  little 
boards,  that  plane  on  the  inner  part  expofedko  the  eye  is  repre- 
fented  by  the  circle  ST,  to  which  is  affixt  in  V  X  a  pentago¬ 
nal  plane  excentric  in  the  circle  S  TJ  having  a  common  fquarc 
hole  (  which  isthe  centre  of  the  circle  )  in  which  the  axis  of 
the  Tympane  is  put  through  ;  there  are  6  little  boards  quadran¬ 
gular  with  teeth  (  according  to  the  number  of  hours  to  be 
ftruck)  having  bafes  fomewhat  lefs  than  the  (ides  of  the  Penta¬ 
gon,  and  they  are  made  faftby  the  corners  with  thin  plates  of 
mettal  movable  about  the  ends  as  you  fee  in  the  Figure,  and  as  is 
done  in  the  little  boards  of  the  hour  indices  in  the  antecedent 
circle. 

That  you  may  underhand  the  form  and  art  the  better,  you 
have  let  a  part  Z,  fuppofe  the  thin  plate  (  by  whofe  impuife 
the  little  hammer  is  led  to  ftrike  the  hours  j  to  be  in  a,  and  the 
circle  in  the  Tympane  to  be  turn’d  from 5  towards  a  T,  the  lit- 
lit  board  B  with  6  teeth  or  claws  ftriking  againft  in  a,  founds 
fix  tinklings  on  the  bell  for  the  hours,  and  prefently  falls  down 
beneath  a\  then  B  being  oblique  to  the  parts  T,  the  little  board 
d  fits  it  felf  to  the  fide  e,  and -lb  of  the  reft  in  the  Oib,  as  is 
faid  before  of  the  little  boards  of  the  hour  Indexes.  /  ‘ 

And  it  mult  be  noted  and  effected,  that  the  little  boards 
with  teeth  of  the  circle  S  T,  fo  agree  with  the  little  boards  of 
the  Circle  B  D  of  the  antecedent  figure,  that  they  ftrike  the 
hour,  which  is  prefently  fhown  under  the  hole,  the  number 
of  the  little' board1  jn  the  circle  B  D  being  changed. 

Alfo  you  muft  take  care  that  the  hour  plate  infcribed  in  the 
gift  Figure,  Section  the  Firft,  be  diametrically  oppoiit  to  the 
plane.  Kl.  of  the  figure  in  Section  the  fccond,  through  the  hole 

of 
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of  whofe  plane  the  water  trickles  down  ;  and  let  the  fame  hour 
plate  be  oppolire  to  the  little  toothed  board  ftriking  the  hour 
(  not  fhew’d  in  the  plate  )  of  the  next  following  number,  fo 
that  when  the  fliining  hour  eye  is  below  the  Horizon  of  the 
hours  Diametrically  oppolit  to  the  little  Bell,  and  in  that  eye 
they  number  of  the  hour  is  changed,  in  the  fame  moment  the 
toothed  little  board  ftrikes  the  hour,  which  being  changed  the 
hour  immediately  appears  above  the  Horizon. 

About  the  hole  I,  in  the  plane  KH,  through  which  the  wa¬ 
ter  flows  on  both  parts  above  and  beneath  the  plane  K  I,  in 
the  back  convex  of  the  Engin  are  two  broad  holes,  through 
which  the  water  is  poured  into  the  Tympane,  and  when 
need  requires  is  prefently  all  taken  out,  and  through  the  fame 
holes  appears  the  leffer  hole  I,  in  the  plane  K  I,  that  it  may  be 
lookt  after  ifany  thing  hinders  the  running  of  the  water  through 
that  little  hole,  and  thofe  two  greater  holes  on  the  back  part 
of  the  Tympame,  may  eafily  be  fliut  and  open’d  by  two  brafs 
thin  plates  affixt  with  wax,  or  other  fit  glue. 

And  becaufe  in  the  beginning  of  the  hours  the  Tympane  is 
turned  flower,  after  wards  always  fwifter,  becaufe  of  a  Idler  re- 
iiftance  of  Water,  therefore  in  one  of  the  circular  planes  flint- 
ting  the  Tympane  is  put  a  thin  plate  qf  lead  in  manner  of  an 
hook,  decrealing  by  little  and  little,  &c. 

Sett.  IV, 

**“"■*  *  ■'  •  t  '  i  <  -  •  .  :  x 

■  OLfervations  of  Father  Efchinard,  to  le  prdhfed  in  making 
ihe.forefaid  Engin.  ■.■> 

THis  Author  learned  in  Experiments  advifes  in  the  firft  place, 
that  the  Tympane  be  divided  in  four  equal  parts  by  Pa¬ 
rallelograms  of  thin  plates  of  mettal,  one  whereof  ought  to  be 
boared  through  with  a  fmall  hole,  as  is  faid,  but  each  of  the 
reft  are  to  be  boared  with  a  double  hole  much  greater,  one 
near  the .  fafcia,  the  other  near  the  inward  axis  of  the  Tym¬ 
pane.  ;  for  hence  it  will  come  to  pafs,  that  after  the  water 
hath  paft  through  by  the  fmall  hole  in  an  hours  time,  then 
having  obtain’d  a  freer  paflagc,  it  permits  the  veil'd  to  be 
turn’d  about  with  a  fwifter  motion,  that  in  the  interim  the 
hour  may  be  fhown  by  a  fign  of  the  little  Bell,  or  the  next 
eliapft,  or  the  next  to  come  3  for  unlefs  the  other  thin  plates 
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are  made  with  greater  holes,  the  Tympane  will  rather  return 
than  run  forward  j  wherefore  likewife  an  inftrunteiH  may1  ire 
made  divers  ways  for  (hiking  the  bell,  to  wit,  by  matting  u  fb 
that  thofe  points  take  up  fomewhat  in  their  fwifter  motion  af¬ 
ter  the  manner  of  a  Leaver,  as  is  wont  to  be  done  in  large 
Clocks  with  wheels,  one  end  of  whicu  Lea\ei  while  it  fails 
down  draws  the  thred  to  it  felf,  and  raifes  the  hannnet  y  alfo 
ftarp  points  fixt.  to  the  tables  may  be  fo  faflned  to  the  hinder 
fuperficies  of  the  rabies,  that  they  may  direflly  behold.  the 
Tympane,  as  alfo  the  centre  of  the  Pentagon  may  be  other- 
wife  taken,  &c. 

Secondly ,  The  iron  plates  being  waft t  over  with  tin,  corrupt 
prefently,  unlefs  it  be  fenced  by  fome  Sandarac,  or  varnift,  fits 
for  the  bufinefs ;  Copper  cover’d  over  with  tin,  or  tin  only  ot 
it  felf,  fo  that  it  be  very  thin,  is  bed  of  all. 

Thirdly ,  Beware  left  the  place  of  the  fm all  hole  be  fo,  than 
after  fome  time  the  magnitude  of  the  hole  be  changed. 

Fourthly ,  The  Tympane  muft  be  ^  of  one  Palm  at  leaf!, 
both  in.  length  and  breadth,  for  if  it  be  lefs  it  will  not  fucceed  ■ 

fo  well.  . 

•  Fifthly,  The  moft  fit  water  he  takes  to  be  ram  water  diftill  d, 

but  if  the  vefiel  be  made  of  glafs,  hot  water  will  be  better  ; 
and  the  quantity  of  water  ought  not  to  fill  much  lefs  than  half 
the  Tympane,  but  efpecially  it  ought  not  to  come  to  the  inner 
axis,  wherefore  that  axis  will  be  the  better,  if  it  be  made  as 
fniall  as  poffible ;  the  other  things  to  be  compared  with  one  a- 
nother  are,  the  littlenefs  of  the  hole,  the  quantity  of  water, . 
and  the  force  of  weight ;  but  chiefly  you  ought  to  take  care 
left  that  hole  be  ftopt,  which  ought. to  be  at  leaf!  as  big  as. 


one  arch.. 

Sixthly,  He  denies  that  the  thing  may  be  done  with  Quick-  - 
ftlver  inftead,  of  water,  both  becaufe  it  requires  a  greater  hole 
to  flow  out  at,  and  therefore  alfo  a  greater  Tympane,  as  alfo 
becaufe  it  will  pafs  out  moft  heavily  ;  laftly,  becaufe  all  mettal . 
corrodes,  and  therefore  the  Tympane  ought  to  be  glafs,  which 
will  be  difficult  to  be  made  :  Alfo  he  denies  dull,  or  fand,  to 
be  fit  for  that  fervice,  fince  it  ought  to  pafs  through  a  final! 
hole  by  being  compreft  in  the  middle,  which  is  done  by  thole 
thin  plates  of  mettal,  which  cannot  be  obtain’d  by  duft :  He 
concludes,  if  any  Liquor  be  found  in  which  heat  and  cold  doth, 
not  govern,  that  is  moft  fit,  fo  it  doth  not  corrupt  the  matter  of 
the  Tympane.  • .  Seven- . 
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Seventhly.,  He  aliens  another  fuch  likeEngin  of  his  own  com¬ 
posing*  wherein  he  hath  made  a  perfect  Hexagon  in  the  axis 
for  the  Pentagon,  and  about  it  feven  Tables  are  gathered  to¬ 
gether  in  the  lame  manner  as  above,  every  one  of  which  bears 
before  it  one  of  the  feven  Planets  defcrib:d  with  its  proper 
Character.  La  Illy,  in  the  foremoft  face  appears  a  circular  thin 
plate  of  mettal,  but  that  for  one  circular  hoie  it  hath  fix,  each 
being  defcribed  upon  with  Tome  ccelellial  Sign,  beginning, 
viz,,  from  Aries  •  then  while  the  axis  is  turn’d  about  the 
Planets  are  moved  to  the  Weft,  but  fo,  .that  in  every  cir¬ 
cumvolution  they  go  back  to  another  Sign  placed  after  it  in 
due  order. 

Eighthly ,  He  teaches  in  what  manner  one  Tympane,  fo  it  be 
large,  may  fuffice  for  ftriking  the  quarters  of  hours  3  fays  he, 
make  a  Veffd,  which  divide  in  4  parts  by  4  thin  plates,  and 
then  divide  it  again,  but  in  a  contrary  manner,  that  is,  let  it 
be  cut  by  the  plates  in  the  Section  which  makes  a  circle,  and 
take  away,  as  it  were,  y  tpart  of  the  veftel,  whence  there  will 
be,  as  it  were,  two  Vefiels  in  the  manner  of  one,  then  either  of 
*  thefe  will  be  divided  in  4  parts  ;  the  plates  which  divide  the 
idler  Vdfel  ought  all  to  be  double  in  a  place,  to  wit,  nigh  the 
fafcia,  and  nigh  the  axis,  to  be  opened  with  large dioles,  and 
The  plates  oi  the  greater  veffel  are  boared  double  in  a  place, 
but  with  an  unlike  hole,  to  wit,  one  nigh  the  Fafcia  very 
fmail,  and  the  other  the  axis  much  greater  ;  for  this  is  need- 
fary  to  communicate  the  .air  to  every  part  of  the  Veftel,  other- 
wile  the  warer  will  not  .pais  freely  through  the  fmail  hole; 
laftly,  put  the  water  in  fo  to  the  Idler  veftel  that  it  may  altnoft 
touch  the  axis,  but  in  the  greater  veftel  as  little  as  may  y  be  for 
hence  it  comes  to  pafs,  that  when  all  the  water  in  the  grea¬ 
ter  Veffel  /hall  pafs.  through  the  firft  fmail  holey  before  that 
(■  imee  ’tis  but  little,)  the>impediment  of  the  fecond  - thin  plates 
hinders,  in  the  mean  while  the  Clock  will  be  moved  fwjfter, 
but  becaufe  this  way  it  rather  returns .  than  goes  forward, 
therefore  Tis  reftrained  by  the  water  put  in  the  Idler  Vdfel, 
which  in  the  interim  paffes  through  the  great  hole  ;  then 
while  the  Clock  in  this  manner  is  moved,  after  every  quar¬ 
ter  of  an  hour  it  ftrikes  on  the  little  Bells  the  number  of  quar¬ 
ters  clapft. 

— 

Note  this  one  thing  diligently,  viz.  left  that  flow  motion  be 
too  fhorr,  as  dot  to  fuifice  for  the  ftriking  of  the  Belis  as. often 
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as  is  required  *  alfo  note,  that  hence  it  neceffarily  happens, 
that  the  outer  face  of  the  Clock  is  a  little  changed  j  for  other- 
wife  it  will  follow,  that  in  the  middle  of  the  fecond  hour,  the 
number  of  the  hour  appears  not  longer,  which  evil  we  may  ea- 
fily  cure  many  ways. 

Hence  he  concludes,  that  this  fecond  divifion  of  the  Tympane 
may  alfo  diftinguifh  the  Tympane  for  fo  many  hours,  for  hence, 
fays  he,  proceeds  great  benefit,  for  you  may  as  you  pleafe  make 
the  motion  more  or  lefs  flower  for  linking  the  beil,T//'&.  if  you  put 
more  or  lefs  water  into  the  Idler  veflel,  although  you  leave 
the  greater  veflel  untoucht  •  but  in  this  cafe  his  fufficient,  if 
the  greater  veflel  only  be  divided  with  fo  many  thin  plates  * 
for  the  other  plates  are  put  only  to  reftrain  the  too  flow  mo¬ 
tion,  as  is  faid  before. 

Ninthly,  Becaufe  thofe  things  which  are  faid  feem  not  fit  to 
the  ftriking  of  greater  Bells,  three  veflels  are  to  be  made  in 
this  manner  :  Two  of  them  muft  be  divided  into  4  parts  in  the 
main,  as  is  faid  of  the  lefler  veflel  for  the  quarter  hours,  the 
third  muft  be  alfo  divided  into  4  parts,  but  the  fame  altoge¬ 
ther  after  the  manner  of  the  greater  veflel  for  the  quarters  ; 
the  water  in  the  firft  two  veflels  is  put  in  as  you  pleafe,  but 
the  fame  muft  be  obferved  as  in  the  lefler  veflel  for  the  Quar¬ 
ters  ;  and  in  the  third  you  muft  obferve  that  which  we  have 
faid  of  the  greater  veflel  for  the  quarters  :  But  now  if  to  the 
end  of  every  quarter  the  third  veflel  fas  is  ufual  in  great  docks) 
lift  up  fomewhat,  fo  that  it  being  raifed  a  free  courfe  is  per¬ 
mitted  to  the  other  veflels,  to  wit,  to  one  of  thofe  in  the  end 
of  the  hour  for  ftriking  the  hours,  and  the  other  to  every 
quarter  for  ftriking  the  quarters,  the  thing  will  be  accom- 
plifht. 

Tenthly ,  The  forefaid  Clock  hath  this  peculiar,  that  it  makes 
no  noile,  nor  the  motion  of  the  Ballance,  nor  the  Wheels  di- 
flu  rbs  nor  nocturnal  reft:  Notwdth  (landing  if  yen  would  make 
ufe  of  it  to  rouze  you  from  deep  at  an  appointed  time,  you 
may  eafily  do  it,  by  taking  all  the  teeth  from  the  Tables,  ex¬ 
cept  one  of  them,  which  you  muft  fix  in  fuch  place  and  or¬ 
der,  that  after  the  prefixt  number  of  hours  it  may  ftrike  on 
the  bell,  or  make  fome  other  noife,  as  is  wont  in  excited 
Clocks,  of  which  we  (hall  fpeak  hereafter :  There  are  alfo  o- 
ther  ways  more  eafier,  as  if  you  ufe  to  it  the  percuflion  of  a 
weight,  whereby  one  part  of  the  equilibrated  table  deprefles  a 
'  '  G  g  Ciiggut 
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Cliggut,  fomething  Tallying  out  into  the  room,  and  you  may 
cncreafe  or  diminifli  the  percuffion  of  the  weight,  by  making 
a  greater  or  Idler  hole  in  the  other  three  plates,  which  have 
large  holes  for  the  fwifter  motion,  &c.  But  if  you  add  one 
wheel,  you  will  find  feveral  eafy  ways. 

The  Author  concludes,  that  hence  all  thofe  Engins  may  be 
fupplied  by  a  fhort  Compendium,  which  are  not  wrought  but 
by  many  Wheels,  efpecially  in  thofe  which  want  temperate 
motion. 

Moreover  he  adds  many  other  things  to  equip  this  Engin, 
and,  Firfi ,  he  fays,  the  velfel  may  be  fo  accommodated  in  the 
outmoft  part,  that  at  what  time  the  Clock  is  moved  fwiftly, 
whether  before  or  after  the  Strokes  on  the  bell,  little  boards 
being  placed,  or  fuch  like,  as  is  wont  in  Hydraulic  Organs,  it 
will  utter  a  confort  of  mufick,  either  in  fome  Cimbal,  or  on 
little  Bells  harmonically  difpofed. 

Secondly ,  If  the  Clock  be  hung  after  the  ufual  manner  to  a 
wall,  and  to  its  fide,  fome  plane  table  be  made  fail  to  the  wall 
through  the  length,  that  it  be  parallel  to  the  horizon,  upon 
that  table  may  be  placed  the  Sun  in  its  courfe,  a  hidden  firing 
being  drawn  which  tends  rightly  to  the  Clock,  which  may 
be  drawn  by  the  vefTel  in  its  circulation  ;  and  on  the  wall 
you  may  difpofe  in  right  order  (  in  the  way  through  which 
the  Sun  runs  its  courfe  )  the  heavenly  houfes,  whence  each 
hour,  a  little  Image  poetically  adorn'd  appears,  which  fhews 
the  hour  on  the  right  hand  next  elapfl  of  rhe  Sun,  and  on  the 
left  hand  it  leads  fome  of  the  heavenly  Signs,  or  fome  fign  of 
the  Zo Hack  addicted  to  that  houfe,  &c,  thus  thofe  little  Ima¬ 
ges  will  appear  every  one  to  his  time;  put  crofs  in  the  way 
by  which  the  Sun  paffes,  fome  little  board,  fo  that  when  the 
courfe  of  the  Sun  being  moved  by  the  fwifc  motion  of  the 
Clock,  being  carried  in  its  courfe,  it  hits  a  gain  ft  one  end  of 
the  little  board  ;  which  if  the  little  board  be  placed  in  man¬ 
ner  of  a  leaver,  it  may  fo  be  accommodated  that  whole  one 
of  its  ends  is  drawn,  by  the  fervice  of  the  other  end  with  fome 
firing  added  to  it,  the  little  image  is  brought  forth  to  the  Sun, 
and  there  left. 

Thirdly ,  Bdidies  that  heavenly  motion,  that  number  which 
fhews  the  hour  next  elapft  may  be  fo  accommodated,  that  the 
fame  fite  and  face  may  ferve,  as  well  In  its  Apogeon,  as  in  its 
aficent  and  defcent,  to  wit,  if  there  be  put  to  the  little  plate 
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on  one  of  its  parts  fome  tin,  a  little  heavier, being  fo  affixt  to  each 
table,  that  it  may  moll  ealily  be  turned  about  its  centre. 

Fourthly ,  Almoft  in  die  fame  manner,  in  that  circular  fuper- 
ficies  whole  half  part  always  appears  divers  fmall  Images  may  be 
affixt,  fo  that  they  always  remain  aright,  by  means  of  Tin,  or 
fome*  other  heavy  thing  added  to  their  feet,  and  in  going  for¬ 
ward  they  may  Ihew  the  quarter  hours,  &c. 

Hitherto  we  have  added  no  Wheel,  but  if  we  add  one  or 
two,  you  will  attain  many  fine  effects.  Firlt,  a  toothed  wheel 
may  be  fo  placed  on  the  velfel,  that  its  axis  may  fall  right  on 
it,  and  on  the  extream  circumference  of  the  veifel  many  iron 
ftiles  may  be  put,  which  while  the  velfel  is  turn’d  about  they 
move  the  overthwart  wheel  placed  above,  by  hitting  againfl 
its  teeth,  moreover  you  may  conftitute  a  Load-ftone  on  part 
of  the  wheel  placed  above  5  now  if  you  fallen  an  Image  with 
a  wyre,  with  an  iron  ftile  in  it  hands,  according  to  the  motion 
of  the  Load-Hone,  it  will  Ihew  the  hour,  &c. 


Problem.  XIX. 

To  make  the  Indexes  of  Clocks,  Jo  that  they  fhall  defer  lie 
not  only  Circular,  lut  any  other  Figures  ly  their  motion. 

IF  any  one  would  adorn  the  Index  of  a  Clock  with  the 
A  rnis  of  fome  Prince,  or  City,  to  difpofe  it  in  the  form  ot 
a  fhield  of  a  heart,  of  a  crofs,  &c.  fo  that  the  fame  being  artifi¬ 
cially  made,  or  a  fmall  image,  or  any  other  fign  performing 
the  office  of  an  Index,  the  numbers  of  the  hours  being  _  m- 
feribed  on  the  parts  of  its  figure,  in  whatfoever  order  they 
are  diipoled  in,  it  will  (hew  luccefiively  j  01  that  an  Eagk 
with  its  bill,  or  a  Lion  with  its  tongue,  &c.  There  are  divers 
Artificers  in  Father  Schottus  Fechnica ,  Book  9.  Chop.  5.  the  moll 

ufeful  whereof  we  will  here  impart. 

Fio-  ICC.  To  deferibe  the  moll  difficult  figures  of  moving 
Indexes  aiTume  the  artifice  of  a  Parallelogram  made  in  this  man¬ 
ner:  Firft,  offolid  matter,  viz.,  of  iron  make  tour  rules  A  Ft 
A  K  K  L,  H  M,  which  in  the  points  A,  H,  C,  K,  fo  join  wmi 
curious  fmall  pins,  that  the  fquare  may  freely  be  llretchcd 
wider,  or  contracted  narrower  ,  then  to.  thole  portions  or 
parts  handing  out  on  each  fide  C  L,  C  M,  join  by  the  fame  ar 
‘  Gg  a 
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lifce  as  many  more  rules,  but  feorter,  and  if  you  will,  decrea¬ 
sing  in  the  fame  proportion,  and  in  the  connecting  or  joyning 
points,  freely  turning. 

Secondly ,  On  that  face  of  the  Index  that  lies  hid  towards  the 
Clock,  conceive  a  hidden  toothed  wheel  CDEFGB,  to  wir, 
So  as  thofe  Indexes  that  are  wont  commonly  to  turn  once  in  i  i 
or  14  hours,  in  this  being  made  hollow,  or  any  other  way 
nrted,  underftand  a  little  Channel  A  C,  fo  that  within  it  a 
little  naif,  orpin  C,  maybe  put  flicking  out  from  the  Paralle¬ 
logram  towards  the  Wheel,  and  may  run  to  and  again,  this  way 
and  that  way,  without  refinance. 

Thirdly ,  Fix  a  (mail  pin  A  in  the  Center  of  the  toothed? 
VVheel,  and  then  between  it  and  the  other  little  pin  C,  which 
ought  to  run  in  the  little  channel  or  groove,  a  Spring,  or  feme: 
irn pulling  Spire,  being  put  between  by  a  Wyer  of  a  competent 
thicknefs  in  the  manner  of  a  wreathed  Cylinder  fcrew,  draw¬ 
ings  afide  as  much  as  is  requifit  the  little  pin  C,  from  the  other 
fixe  pin  A  y  which  Spire  perhaps  may  more  conveniently  be 
made  of  a  Serpentine  plate  drawn  and  bowed. 

Fourthly ,  Propofe  now  any  figure  which  you  would  have 
the  hour  index  deferibe  with  its  point ;  fuppofe  a  Hexagon, 
or  figure  of  fix  fides :  Cut  then  in  the  plane  of  the  Index  a  fix 
fided  hole  CDEFGB,  whofe  Center  is  A. 

Fifthly ,  Upon  the  whole  Parallelogram,  and  the  hole  that  is 
cut,  place  feme  figure,  as  of  an  Eagle,  or  a  Dragon,  &c.  fo-, 
that  its  neck  touch  the  texture  of  the  Parallelogram  and  hide 
if,  and  the  other  part  of  the  body  be  fpread  over  to  the  hole 
that  is  cut  j  Moreover  that  Parallelogram  being  wove  in  the 
neck  of  the  figure  by  more  of  the  fame  Rules  placed  between, 
in  the  likenefs  of  a  net,  and  move  artificially  after  the  manner 
of  feathers,  or  the  Scales  of  a  fife,  &c. 

The  hour  Wheel  then  intercepting  the  pin  C  in  its  groove, 
carries  it  a  long  with  it  3  and  this  from  the  drawing  piefling 
plate  placed  between  A  C,  and  the  cut.  SexanguIar°hole,  or 
included  between  other  limits,  will  caufe  the  Eagle, ^havin-o-  a 
crown  ;crois  or  Ear  on  its  head,  or  a  Dragon  with  his  tongue°or 
fling,  to  deferibe  the  fame  figure,  and  to  fee w  the  hours  de- 
ftribed  in  its  limb. 


.In  the  deferibing  of  other  figures,  as  of  a  heart,  a  rofe,  a 
feidd,  &c.  the  Induilriou-s  will  find  it  eafy  3  another  motion 
ajiay  eatiiy  be  given  over  and  above,  to, a  Lyon,  an  Eagle,  or  a 


Dragon, 


•  * 

fi.i 
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Dragon,  &c.  that  this  fpread  his  Tail,  that  tofs 
other  open  its  wings,  &c.  and  that  either  by  the 
or  otherwife. 


!tS  Spi  \ : 

i  O  1^-11,.^  .1  *r  't  i  C'r* 

L  (Ct.  1  j.  A  CUr  i.  e.  A  W  'V- 


Problem. 


To  perform  the  fame  more  Comp 


ALthough  the  forefaid  Artifice  is  univerfal,  and  extends  ir 
feif  to  many  figures,  yet  this  prefer, t  Proportion  may  be 
reduced  to  practice,  with  lefs  charge  and  trouble,  efpecially 
to  theeafier;  as  Ellipfes  and  Polygons,  and  .moreover  may  be 
applied  to  other  Paradoxical  affections.  . 

Fig.  i  $6.  Let  ABC  be  a  rod  of  mettaif  having  a  round 
hole  in  A,  but  in  C  where  it  bends,  it  ends  in  a  little  ring,  or 
other  ereCt  hole  C  E,  through  which  paffes  another  rod  DE  F, 
which  bending  in  the  like  little  ring  F  B,  and  in  like  man¬ 
ner  made  faff  to  the  former  rod,  and  clofe  or  touch  each  other 
fo  lightly,  that  they  are  carried  on  one  within  the  other  to 
and  fro  freely  ;  in  the  end  D  is  made  an  arrow,  a  little  Star, 
or  other  fuch  like  Brewing  Apex. 

Secondly ,  Underffand  in  that  plane  in  which  the  number  of 
hours  are  infcribed  fome  figure,  vi%»  a  Square  to  be  defcribed 
GH  IK,  and  nigh  to  its  designation  cut  a  channel  or  groove  of 
any  depth,  and  its  breadth,  fo  that  Banding  out  from  the  Ikttle 
ring  it  may  receive  the  point  B,  that  it  may  run  freely  in  its 
Channel. 

Being  placed  then,  and  fixt  to  the  hole  A  in  the  Centre  of 
the  quadrate,  and  ao  the  flyle  B  in  the  fame  cavity,  if  this 
whole  joining  together  of  the  Index  in  the  point  A  be  turn’d  ; 
about  by  the  Axis  of  fome  Wheel,  or  led  about  circularly  any 
other  way,  the  end  D  muff  needs  defcribe  a  Square,  figure,  or 
another  after  the  fame  manner,  as  is  the  Channel  in  which  the 
ffyle  B  ijjgd  about. 

Iprft,  the  lame  Inffrument  may  be  more  ingenioufly 
made  of  two  rules,  in  one  of  which  a  little  channel  is  drawn  < 
out  in  length,  and  the  curfor  runs  to  and  fro  in  the  other  by 
turns  j  but  the  Artifice  may  be  fo  cover’d,  that  the  contraction 
and  diftenfion  of  the  rules  cannot  eafiiy  be  noted,  in  producing ; 
the  rule  DEE  beyond  the  centre  A  y  &c.  Secondly ,  If  between 
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the  rings  E  and  F  you  put  a  wire,  or  a  divided  plate  ofmettal, 
it  will  not  be  necefluy  to  hollow  it  in  the  plane,  but  only  cut  it 
out  from  the  thicker  plane  being  laid  upon  the  other,  or  by 
tht  rules  that  frame  the  Poliyon. 

It  you  aired:  Paradoxes,  hence  you  may  eafily  deduce,  Fir  ft, 
that  by  the  continual  drawing  and  revolution  of  one  and  the 
fame  common  compafs,  you  may  deferibe  a  triangle  quadrate, 
&c.  for  if  one  foot  of  the  Compafs  be  fixt  in  the  hole  A,  and 
and  the  other  firmly  lay  hold  on  the  Style  E  flicking  out,  and 
being  led  about  by  the  compafs,  the  fiyle  will  deferibe  fuch  a- 
notber  Figure  D,  and  was  the  little  hollowed  Channel,  or  ano¬ 
ther  fuppofed  plane  terminated  by  acerrain  figure. 

Secondly,  II  you  would  deferibe  a  circle  by  the  fame  opening 
of  the  compafies,  and  not  from  the  Centre  of  the  Circle,  you 
may  do  it  almofl  in  the  fame  manner,  which  doth  not  require 
that  the  point  A  with  the  foot  of  the  Compafs  be  in  the  mid¬ 
dle  of  the  figure,  as  is  mamfefl. 

Thirdly ,  you  will  increafe  the  admiration,  if  you  add  the 
deferibing  a  Triangle,  a  Square,  an  Ellipfes,  &c.  greater  or 
lefier,  with  one  opening  of  the  Compafies,  and  you  may  effed 
it  thus ;  Produce  the  length  D  E  F  towards  A,  and  let  the  little 
ring  or  Curfor  B  F,  have  a  ferew,  or  turning  joint  in  F,  that 
the  compafies  remaining  at  the  fame  difiance,  and  only  the 
relique  DEF  being  drawn  from,  or  intruded  from  all  the refl, 
and  the  forefaid  turning  joint  may  be  faflned  in  F:  More  may 
be  added  by  the  Ingenious. 


Problem.  XXI. 

To  wake  and  incite  a  Chronometric  Index  to  an  Elliptic 
figure,  hy  a  certain  and  peculiar  method.  I 

f? 

A  Lt hough  both  the  forefaid  Artifices  ferves  to  deferibe 
Jl\..  Ellipfes,  yet  the  Author  adds  another,  taken  from  a  pe¬ 
culiar  Geometrical  Infirument  of  Guido-vhaldus ,  or  rather  de¬ 
duced  from  the  fame  foundation. 

Fig.  1 57.  Three  planes,  or  thin  plates,  are  to  be  conceived, 
the  ffifi  is  of  an  indefinite  figure,  which  is  deferibed  by  the 
Elliptic  Index  ABC  D,  this  is  boared  through  in  the  middle 
in  the  round  hole  HEFG,  and  moreover  cut  in  with  four  flits 

at 
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at  right  angles  which  are  I E,  K  F,  L  G  M  H,  and  join’d  to¬ 
gether  with  a  round  hole,  the  length  of  the  Hits  is  as  much  as 

rhe  Semidiameter  of  the  hole.  t  .  r 

The  other  Plate  P  L  is  circular,  which  hath  on  mat  pan  feme 
Index  which  is  laid  open  to  the  view  of  Spectators,  being  put 
upon  the  former  Hits,  and  therefore  touches  the  roielaid  noL 

of  the  former  plate.  ,  r  .  .  ,  r 

The  third  plane  cf  the  orb  is  I K  L  M  touching  the  fame 
hole  on  the  other  part  of  the  middle,  and  of  the  hits  of  roe 
plate,  and  this  therefore  lies  hid  all  withih  ;  its  Centre  is  the 
Fame  with  the  Centre  of  the  round  hole,  and  it  hath  Clued  01 
Sold  red  to  it,  two  Segments  above  and  below  me  Centie,  be¬ 
ing  cut  through  by  a  circle  on  its  Periphery,  that  peifeftly 
thf  fldes  of  the  hole,  and  razes  while  they  turn  within  the 
hollow  of  it ;  the  thicknefs  of  thefe  Segments  is  the  fame  as  >e 
flits  of  the  plate,  with  which  they  are  therefore  equal  and  alike. 

The  confpicuous  Orb  P  L  hath  its  Centie  in  o. it  point, 
which  is  pofited  in  the  Periphery  of  the  Segment  H  E,  Glued  to 
the  hidden  orb  M  l  K  L ;  Tn  this  point  a  hole  is  made  through  each 
orb,  to  wit, the  confpicuous  P  L,  and  the  occul  M  I K  L,to  w hich 
hole  afterwards  a  fmooth  little  pin  is  put  to  pm  each  orb  freely. 

In  the  confpicuous  orb  P  L  on  one  face  which  beholds  the 
middle,  or  Hit  plate,  are  fixt  two  little  round  mite  I  and  N 
of  the  fame  thicknefs  as  the  breadth  of  the  Hits,  within  which 
they  ought  to  run  to  and  fro  mod  freely,  the  ength  or  height 
of  the  little  nails  or  pins  is  the  fame  as  the  thicknefs  of  the  Hits, 
and  the  plates,  or  fomewhat  leffer,  left  thy^ touch  the  occult  01b 
through  thofe  flits,  and  raze  it  in  the  motion  ;  they  are  diftant 
from  each  other  the  interval  I  N,  equal  to  the  diameter  o  tae 

h°Tn  the  inner  and  occult  orb  make  the  hole  R  fome where, 
into  which  enter  fome  little  nail  flicking  out  for  that  end  in  the 
diurnal  Wheel  of  the  Clock,  whether  it  be  turn  d  once  in  n 
o>- 2-*  hours,  the  Centre  of  which  Wheel  ought  exactly  to  an- 
fwer  to  the  centre  N  of  the  hole  H  E  F  G, and l  alto  of  the  occult 
orb  IKLM;  the  diftance  of  the  hole  R,  and  of  the  little  Nail 
anfwering  it, will  be  the, fame  hr.  RN  3  it  is  the  fame  if  m  the. 
diurnal  Wheel  of  the  Clock  a  hole  be  bored  through,  and  in 
the  point  R  of  the  orb  a  little  pin  anfwering  it  be  Hxt. 

The  forefaid  pin  then  being  entred  in  the  hole  R,  v>  ill  caule 
the  occult  orb  IKLM  to  move  about,  be^ng  ^aid  hold  on 
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by  the  Wheel  of  the  Clock,  and  will  carry  it  forward  from 
R  towards  M$  and  at  the  fame  time  a  hand  being  formed,  a 
Lilly,  the  Sun,  or  fuch  like,  the  Index  P  will  proceed  for¬ 
ward  to  the  oppofit  part,  and  by  its  apexdefciibe  the  Ellipfis 
A  BCD,  to  which  hours  unequal  fpaces  are  defcribed  diiHndl- 
ly,  which  neverthelefs  are  finiffit  in  equal  time,  to  wit,  hourly, 
by  the  Index. 

Since  the  confpicuous  orb  P  L,  on  this  face,  on  which  Yis 
beheld,  is  altogether  plane  and  whole,  you  may  for  ornament 
infcribe  on  it,  either  the  Effigies  of  the  7  Planets,  or  the 
figures  of  the  12  Signs,  which  indeed  have  no  other  ufe,  than 
that  they  are  turned  about  wonderfully  to  and  fro  with  the 
"orb,  that  he  that  is  ignorant  of  the  ftru&ure,  and  its  make, 
can  hardly  conceive  it,  becaufe  that  the  orb  is  moved  with  a 
double  motion,  one  by  which  its  Centre  E  is  carried  circularly 
about  to  the  Periphery  of  the  hole  EFGH,  and  the  other 
Elliptic,  whereby  the  other  parts’ of  the  orb  are  carried. 

The  Internal  E  H  between  the  two  Segments  is  therefore 
left,  that  the  little  nails  I  and  N  may  pals  in  a  right  motion 
through  it  diametrically  oppofit  without  obftrudtion  from  one 
flit  to  the  other.  See  GUidubaldus  in  the  Pemonft ration  of  the 
■  Pianifphere,  and  'Ocmnus  bis  Comments  cn  the  2 8th.  Propoftion  of 
the  6th.  Element  of  Euclid. 

. . . . . . . . . . 


Problem.  XXII. 


Divers  ways  to  make  a  right  lined  Index  to  fhevo  the  hours, or 
quarters  of  hoars ,  hy  a  right  motion y  aud  then  to  return 
hack  again . 


Fig.  1 5$,  \  A  Ake  a  plane  Wheel  ABCDEF,  whole  middle 
iVJL  part  DEFA  is  furnidit  with  teeth,  but  none 
in  the  other  parts,  the  axis  AGHD  lies  diiecSlly  over,  or  upon 
the  Centre,  or  diameter  ot  this  Wheel,  carrying  two  toothed 
Tympanes  A  andD,  alfo  two  toothed  Wheels  G  and  H,  which 
all  firmly  adhere  to  the  axis  A  D  :  Thirdly ,  make  the  Oblong 
IKLM,  three  of  its  (ides  being  of  Solid  mettal,  and  the  fourth 
K  M  is  doled  by  the  figure  of  the  Sun,  or  any  other  fign,  mov¬ 
ing  forward  by  a  right  lined  Index,  which  neverthelefs  may 
be  placed  moil  conveniently  in  the  middle  of  the  oblong  • 


Fourthly , 
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Fourthly ,  to  the  two  longer  fides  IK  and  LM,  make  the  teeth 
of  the  Wheels  G  and  H  to  agree  to  the  teeth  of  the  other,  viz* 
to  the  face  of  thofe  fides  which  the  Wheels  G  and  H  behold 
and  touch,  for  that  oblong  is  conceived  to  lie  upon  the  Wheel 
G  and  H,  and  thefe  to  cover  over  the  fides  IK  and  L  M. 

The  half  toothed  Wheel  moving  then  in  the  firft  place  from 
A  towards  B,  will  move  the  Axis  AD,  with  the  Tympanes 
and  Wheels  in  the  fecond  motion,  with  which  in  like  manner 
is  carried  on  the  oblong  with  the  Sun  K  M  from  K  towards  B ; 
and  the  length  of  the  fides  IK,  L  M  of  teeth  ought  to  be  in 
the  fame  ratio  to  the  Wheels  G  and  H,  as  the  Semiperiphery 
D  E  F  A  to  the  Tympane  A  or  D  equal  to  it  5  Secondly,  and 
becaufe  the  plain  Wheel  is  furniftit  with  teeth  only  in  the 
middle  part,  which  begins  to  impel  the  Tympane  A  Firft  with 
its  teeth,  the  Tympane  D  oppofite  to  it  is  hindred  by  none, 
much  lefs  when  the  whole  axis  and  Wheels  are  turned,  and  by 
an  unanimous  confent  both  wheels  G  and  H  the  fides  of  the 
oblong,  are  fo  long  forc'd  forward  by  an  uniform  motion,  as 
the  channel’d  Cylinder  A  is  impelled  ;  Thirdly ,  when  firft  the 
toothed  Semicircle  approaches  to  the  Tympane  D,  and  begins 
to  fet  its  teeth  in  it,  in  the  fame  moment  the  Tympane  A  is 
freed  from  the  force  of  the  teeth,  and  is  turn’d  to  the  oppofite 
part,  being  led  by  the  other  3  from  whence  alfo  the  oblong 
removes  the  track  out  of  the  way  to  the  oppofite  part,  as  long 
as  the  toothed  Semicircle  forces,  which  it  ought  to  perform  iz 
or  24.  hours,  or,  if  you  pi  cafe,  but  One  hour:  Fourthly ,  this 
whole  artifice  is  hid  beyond  a  certain  table  equal  to  the  oblong 
of  the  Index,  which  therefore  is  divided  into  12  equal  parts, 
or  hours,  and  the  number  of  the  hours  are  defcribed  in  a 
double  row,  the  uppermoft  of  which  from  1  to  12  fhews  the 
Aftronomic  hours  from  Midnight  to  Noon,  and  the  lower  from 
Noon  to  Midnight,  or  otherwife. 

It  may  be  done  eafier,  for  the  weight  in  the  fpace  of  time 
in  its  defcent  of  the  whole  height,  either  in  a  plane  vertically 
eredted  in  fome  place,  the  fame  horary  intervals  may  be  de- 
fignedj  and  the  fame  perpendicular  motion  of  the  weights 
may  eafily  be  translated  into  an  horizontal  one,  by  a  Pulley  put 
between,  on  which  put  a  fmali  chord,  and  bind  it  to  the  de¬ 
fending  weight  3  or  if  you  find  that  inconvenient,  fit  a  Pulley, 
or  Cylinder,  in  fome  Wheel  of  the  Clock,  meafuring  time 
by  its  motion,  for  a  Chord  being  folded  to  the  Cylinder  ac- 

H  h  cording 
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Cording  to  the  various  magnitude  of  the  Pulley,  or  to  the  num- 
her  ofTts  revolutions  made  in  an  hour,  will  give  divers  horary 
ntervals  in  the  plane  defigned  on  the  Wall,  or  other  plane  of 
a  competent  length,  in  which,  if  you  pleafe,  you  may  hide 
the  Artifice,  and  within  or  behind  the  table  of  the  right  lined 
Index  you  may  place  a  piece  of  load  {lone  from  the  weight 
by  the  forefaid  little  chord  to  move  forward  (lowly  being 
loofe,  and  without  the  table,  in  the  fight  of  every  one,  may  be 
moved  by  the  hidden  load-done  an  lion  gtk  w  the  Sun, 
or  Phaeton  driving  a  rofey  Chariot,  a  Chamelion,  or  a  kind  of 
Sea  fifh,  &c. 


Problem  XXIII. 


fo  Effect  the  fame  another  way  more  ingenious  than  the  for¬ 
mer. 


Iff  1 59* 


Ecaufe  the  forefaid  Author  appoints  in  the  fir  ft 
_)  pra&ice,  that  the  toothed  oblong  forcing  the  In¬ 
dex,  and  lying  hid  behind  the  table,  while  tis  conveyed  to  and; 
fro  of  its  own  accord,  requires  another  (pace  equal  to  the  table 
co  which  it  allows  and  extends  it  ielf :  and  in  the  latter  way,, 
whether  he  appoints  it  by  finite  or  perpetual  Choids,  he  doth 
i  t  either  by  attraction  of  in  nail  Chords,  or  of  the  I  ndex  by  a 
inall  chord,  from  whence  his  moved  forward,  therefoie  I  have 
thought  on  the  following  way  whereby  both  thofe  dciefts 
may  be  remedied. 

Let  therefore  the  whole  length  of  the  table  or  the  right 
lined  Index  be  A  B,  or  C  D  j  take  a  chord,  or  fmall  rope,  fix 
times  the  length  of  A  B  and  join  the  ends  to  make  it  perpetual,, 
as  EA.BFDC.Ej  Put  this  about  two  Pul  lies,  or  Cylinders :E  and 
F,  moving  freely  about  their  Centers,  fo  that  the  fmall  Chard 
oafs  occultly  under  the  upper  border,  or  limb  of  the  table  A  B, 
and  of  the  lower  C  Dj  Secondly,  Let  there  be  alfo  fome  Index: 
as  G,  fo  fitted  that  it  may  move  forward  to  and  fro  through 
the  whole  length  of  the  table  freely,  which  may  be  done 
thus  3  it  may  run  to  and  fro  within  two  little  Channels,  or 
grooves,  cut  in  the  upper  and  lower  limb  of  the  table,  or  by 
two  other  metallic  Chords,  or  wyers,  firongly  extended  and. 

lung  in  the  fame  limbs,  and  ic  drains.,  them  lightly  with  m 

loofe 
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loofe  little  holes,  of  rings,  through  which  the  chords  are  tranf- 
micted  ;  then  the  Index  G  will  be  moved  forward  in  thefc 
channels,  or  wyers,  perpetually  by  the  little  rope  to  and  fro  in 
this  manner:  Becaule  the  perpetual  little  chord  is  fix  times  the 
length  of  A  B,  divide  it  into  fix  parts,  as  A  B,  B  F,  F  D,  D  C, 
C  E,  E  A  ;  moreover  in  the  three  points  of  division  A,  F,  C, 
omiting  one  interval,  or  fpace,  bind  or  fallen  jufl  fo  many  in¬ 
forcing  flexible  obflacles  with  this  condition,  that  pading  by 
the  perpetual  fmall  chord  through  the  two  loofe  rings  of  the 
Index  G,  viz.  of  the  upper  and  lower,  the  obflacle  hitting 
againfl  the  ring  of  the  Index  moves  forward  the  Index  }  and 
the  Index  arriving  and  confiding  at  the  extream  fide  A  C  or 
B  D,  the  obflacle  being  drawn  by  the  perpetual  chord,  never- 
thelefs  going  forward  paffes  through  the  little  ring  of  the  In¬ 
dex  overcoming  that  fmall  matter  of  refiflance.  To  this  end 
you  mud  take  fmall  dalks  cut  off  from  the  Quils  of  Birds,  or 
Horfe,  or  Swine’s  hair,  or  the  drings  of  a  wood-like  White¬ 
thorn  ;  then  thefe  three  obdacles  being  conveyed  overthwart 
by  the  perpetual  chord  in  the  points  A ,  F,  C,  and  dxt  j  con¬ 
ceive  now  one  of  the  pullies  E  or  F  to  be  annexe  with  fome 
wheel  of  the  Clock,  as  with  the  diurnal  when  you  would 
have  the  Index  to  be  of  12  or  24  hours,  or  with  the  hourly, 
or  quarterly,  &c.  if  the  Index  ought  to  be  hourly,  or  of  quar¬ 
ters :  Let  it  be  hourly,  and  either  of  the  pullies  E  or  F  to  move 
regularly  circular  by  the  hour  wheel  of  the  Clock  from 
whence  it  will  be  incited,  or  by  another  perpetual.  chord,  or 
by  a  toothed  Wheel,  &c.  And  make  the  motion  of  the 
Pulley,  and  of  the  perpetual  fmall  Chord,  furnifht  with  the  ob- 
ftacles,  or  fmall  drings,  or  hairs,  the  upper  from  B  to  A,  and 
the  lower  from  C  to  D.  Underdand  now  the  Index  G,  to  be 
brought  by  the  horfe  hair,  or  other  firing  A,  from  BD  to  A  C  ; 
Then  hecaufe  the  Index  cannot  pafs  further,  the  horfe  hair 
notwkhdanding  being  drawn  by  the  perpetual  chord,  it  will 
pafs  through  the  ring  of  the  Index,  which  it  will  lay  hold  on, 
and  will  pafs  forwards  towards  E.  At  the  fame  time  the  hair 
or  firing  C  applies  to  the  lower  ring  of  the  Index,  and  the  In¬ 
dex  being  free  from  the  former  hair  A,  draws  it  back  with  it 
felffrom  C  towards  D,  then  the  Index  hitting  againft  B  D  .the 
Margent  of  the  table,  this  lower  hair  will  pals  through  its  ring, 
In  the  mean  while  the  other  hair  F  is  now  found  above,  which 
Index  that  it  may  remove  it  forces  away,  and  this  reciprocation 

H  h  2  o  t 
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of  the  Index  endures  as  long  as  the  motion  cf  the  Clock,  if  you 
diligently  obferve  what  follows. 

Firft,  Obferve  the  Compendium  in  the  beginning  of  this 
Problem  j  for  whatfoever  is  without  the  table  A  B  C  D  of  the 
Index,  you  will  contract  to  a  lefs  fpace,  if  you  wind  about  the 
Pullies  E  and  F  once  or  twice  thofe  portions  A  E  C,  and  B  FD 
of  the  perpetual  chord  3  for  in  this  manner  thofe  Cylinders,, 
or  Pullies,  muft  needs  be  moved  near  to  the  table  of  the  Index,, 
and  always  to  its  top,  as  the  Centers  of  the  Pullies  E  and  F  an- 
Iwer  to  the  extream  limbs  of  the  table  A  C  and  13  D. 

Secondly ,  to  continue  that  reciprocation  of  the  Index  with¬ 
out  any  error,  you  muft  take  great  care  that  the  precedent 
obftacle,  or  hair,  pafs  through  its  firft  ring,  and  leave  it  before 
the  fucceeding  one  fieze  his,  which  you  may  ealily  obtain  if 
you  do  not  permit  the  Index  to  come  to  the  extream  terms  A  C 
and  B  D,  but  a  little  before  it  touches  them,  is  forc’d  to  ftands 
ft  ill,  and  is  freed  from  the  former  mover,  that  the  other  com- 
ming  too,  which  was  firft  difpatcht  by  the  former  obftacier 
may  find  out  the  Index,  which  will  be  done  in  a  fhorn 
time; 

Thirdly ,  Becaufe  at  the  firft  afpeS  of  this  Index  you  cannot 
know  whether  it  goes  forward  or  backward, therefore  the  thing; 
may  be  fo  ordered,  that  one  Index  in  going  may  turn  to  the 
fpeSators  a  face  of  one  colour,  and  the  other  in  returning  a. 
colour  contrary  to  the  former;  If  yet  the  number  of  hours  or 
quarters  above,  be  gone  forward  from  A  to  B,  and  the  lower 
from  B  C,  it  will  be  known  prefemly  at;  the  firft  afpe£f>  whe¬ 
ther  the  Index  goes  forward  or  backward. 


Problem  XXIV.. 

Po  make  the  fame  fewer which,  moves  the: hour  Index  to  Jlr ike: 
the  hours,  alfo 

F  A  they  Scbottm  thinks  it  may  be  done,  by  a  ipring,  or  fteeM 
ipire  ;  for  fince. each  fpire  after  this  manner  hath  two  ends,, 
central  and  circumferenriah  one  of  which  being,  drawn,  each, 
leturns  to rhe  ogpofit  parts  j  fays  he,  one  end,  ^  the  Central,  , 
may,  force  the  Wheels  of  the  Index,  and  the  other  theftliking. 
Wfoeefo  or. the  contrary  j  And.  he  affirms  that  the  irregular 

force: 
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force  and  refiftance  of  the  fpire  may  be  made  fit  by  the  artifice 
delivered  by  us  before,  notwithftanding  this  mu  ft  be  diligent  y 
obferved,  that  fome  certain  time  muft  be  appointed  by  the 

Artificer,  wherein  the  Clock  is  to  be  drawn  up,  and  then  uc- 

cording  to  the  number  of  Pulfes  of  each  hour  the  otner  locxe 
end  will  be  made  fit,  the  Cone  of  this  othei  end  roicrng  t  e 
chronomefric  Wheels ;  But  in  this  practice  fome  difficulties  oc- 
cur,  wherefore  I  efteem  the  following  pia^tifcs  of  the  lame 

Author  more  apt.  .  t  ,  , 

Fig.  1 24.  Firft,  therefore  conceive  m  the  Figures  of  ProhL 

'll  the  two  Puilies  A  and  B,  to  be  fitted  to  the  two  whirling 
fiftems  of  the  lower  Wheels,  that  is,  to  their  axes;  one  in¬ 
deed  to  the  Chronometric  fyftems,  or  circa  mage  nt  Index, 
and  the  other  to  the  ftrokes  defigned  ;  for  us  manifeft 
from  the  right  underftanding  of  hanging  of  weights,  that 
one  and  the  fame  weight  D  ferves  both  for  the  carrying 
about  the  Index  continually,  and  to  the  finking  of  the  hour 
W^hccls 

Note,  Firft,  the  Puilies  A  and-Bin  Fig.  114-  mu  ft  be  ^  under- 
flood- to  be  fo  placed  as  you  fee  them  defigned  in  Fig.  irj. 
Note,  Secondly,  if  you  do  not  make  ufe  of  a  perpetual  chord, 
bur  a  finite,  then  you  muft  conceive  that  Chord  to  oe  pd'petu^ 
all  difte&ed,  and  to  each  end  a  weight,  or  poyfer,  to  be  hung 
to  continue  the  Chord  within  the  Puilies  A  and  B.  Note, Thirdly, 
both  ways  here  requires  this  weight  D  to  be  as  heavy  again, 
as  that  which  is  fufficient  to  carry  about  the  other  Wheels  all* 
at  once  :•  If  therefore  to  each  fingle  weight  that  motion  fhould 
be  effe&ed,  you  may  make  ufe  of  this  following  (  although! 
more  laborious )  pra&ice. 

Fig.  160.  Secondly,  make  the  Axis  A  B  ftrong,  and  like  a  tree, 
or  Cylindric,  and  ftabliftit  in  the  points  A  and  13,  pur  on  to 
this  two  toothed  Wheels  C  D  and  E  F,  each  of  which  fti.fti 
have  in  its  Centre  a  Cylindric  Tube  A  G  and  B  H,  join’d  or  fart¬ 
ed  together  moving  freely  about  their  Axis  A  B:  And  to  the 
ends  of  thefe  Tubes  G  and  H,  muft  be  faftned  a  little  orb,  or 
jagged.  Wheel  G  and  H,  having  but  few  jags,  or  teeth,  as  12  or 
16,  but  very  deep ;  Thirdly,  to  tlie  fame  Axis  A  B  between  each 
Wheel  in  the  middle  place,  put  the  Pulley  K  I  made  hollow  for 
receiving  the  Rope,  to.  which  that  one  only  weight  muft  be 
bound,  and  this  Pulley  alio  muft  be  movable  about  the  unmoved 

Axis. 
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Axis  ABj  and  in  the  Bafes  or  Planes  which  behold  each  Wheel, 
muft  be  Bolts  or  Bars,  on  both  fides  the  fame  number,  and 
made  by  the  fame  Artifice  on  both  fides  3  Fcurthly ,  the  Bar 
therefore  M  L,  whereby  the  Puflies  are  joyn’d  together,  hath 
firft  of  all  a  hole,  through  which  and  the  ear  or  ring  made 
fa  ft  in  the  Pulley,  pafles  the  little  round  .Axis,  moving  freely 
in  the  joints  forfaking  that  Bar  :  The  fame  Rail  or  Bar  towards 
the  Axis  of  the  Pulley,  holds  out  a  certain  hook,  or  little  arm 
athwart,  as  in  Leavers  full  of  corners  or  nooks;  and  laftiy  to¬ 
wards  the  other  end  L  *tis  bent  like  a  hook,  or  bill  Fifthly 
the  Rails  or  Bars  being  fitted  in  this  manner  in  the  ambit  of  the 
Pulley  in  any  number,  as  3  or  4,  fo  that  all  together  they  anfwer 
the  Jags  of  the  Wheels  G  and  H,  underftand  between  the 
Jagged  little  Wheel  G,  and  the  Pulley  1  K,  fome  Lilly,  or  like 
flower  to  be  put,  cut  out  of  a  thin  plate  of  mettah,  whole  ]ftl 
tie  Leavers  flicking  out  towards  the  Centre  of  the  Pulley,  pre^ 
the  points  or  little  arms  of  the  Bars  or  Rails,  that  in  this  man¬ 
ner  the  bars  L  M,  drive  or  ftrain  always  againft  the  Cuts  of  the 
Jagged  Wheel,  and  the  fame  is  done  by  the  face  of  the  other  PuL 
lies.  Sixthly,  to  the  Tubes,  or  hollowed  Axes  of  the  toothed 
Wheels,  muft  be  put  fome  Gyliridric  Segments  N  and  Q,  upon 
the  forefaid  Axes  or  Tubes,  movable  freely  to  and  frS  •  and 
join  them  to  fome  firm  Beam  NOPQ,  that  according  to  the 
motion  of  one  Cylindric  Segment,  the  other  may  be  moved 
with  a  reciprocal  motion.  Seventhly,  make  fome  ballance  CKE 
movable  in  the  Centre  K,  about  which  the  half  toothed  Wheel 
is  conveyed  with  it,  whofe  teeth  anfwer  to  the  flits  or  cuts  of 
the  Beam  O  P  j  A  little  arm  is  erefted  in  the  upper  parr  of  the 
fame  Ballance  anfwering  the  little  tongue,  or  cock,  of  common 
ballances,  tothisisaffixt  the  Sphere  R  of  a  competent  weight. 
Eighthly,  to  the  Tube  or  hollowed  Axis  of  the  Wheel  C  D,  is 
put^  the  little  01b  A,  or  fmooth  Wheel,  movable  together 
\vith  the  former,  neverthelefs  it  hath  in  fome  certain  place  of 
its  Periphery  one  triangular  tooth  ere&ed  of  unequal  fides, and 
of  fuch  form  as  you  lee  in  Wheels,  whit  Jagged,  or  faw-lil  e 
teeth,  fo  that  it’s  Hyphhemfe  fifes  up  Oenderly  from  the  ambit 
or  Periphery,  and  at  length  is  ended  in  the  precipice  of  the 
Cathetus,  this  little  tooth  about  the  end  of  any  hour,  lifts  up 
flowly  the  little  arm  C,  then  when  the  ballance  C  K  E  is  in¬ 
clined- it  pulls  up  the  little  orb  -  A. 


Thefe 
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Thefe  things  thus  prepared,  underftand  Ftrfi,  the  Horo'metr1'- 
Svflem  to  be  the  fuperftrudtitre  of  tnt  tomned  wheel  C  D,  an 
ihe  fvftetn  ferving  to  excite  the  ftrokes  is  of  the  other  wheel 
E  F  •  moreover  from  the  pulley  K  !  Is  hung  Some  compe- 
rent  weight  by  the  Artifices  proposed  faetote  in  Pioblehi 

the  tl  cl . 

Secondly,  Underftand  the  ballpen  CKE  with  the  weight  ii 
to  be  inclined  towards  the  chtonometric  C 

it  will  come  to  pafs,  that  the  Wheel  half  toothed  Gi'j 

ces  the  Beam  O  P  towards  the  fame  toot ned.  heel 

C  D,  and  together  with  the  Beam,  each  Cylinder  N. 

Thtlly^  One  of  the  hour  Cylinders,  ^  N,  when  in  this 
manner  it  goes  back  from  the  .lagged  Wheel 1G,  *  fhrute 
down  all  thofe  hooked  rails  or  bars  in  its  mail-tons  3  a,,d_  by 
the  contrary  reafon  the  Cylinder  CL  being  moved  to  the  jag¬ 
ged  Wheel  H,  lifts  up  all  the  rails  or  bars  on  that  part,  fe  that 
the  jags  in  the  little  Wheel  H  are  in  no  wife  laid  hold  on  by. 


Faultily,  When  in  this  manner  the  weight  hung  from  the 
common  pulley  hath  a  connection  with  the  Wheel  C  L),  andh 
none  with  the  other  Wheel  E  F,  that  Whee  only  will  incite, 
and  not  this,  and  that  will  be  done  in  an  hours  fpace  until 
the  tooth  flicking  out  in  the  little  orb  A,  begins  to  take  up 
llowly  the  little  arm  C,  and  with  it  the  whole  ballance  C  E, 

and  alfo  the  weight  R.  ,  , 

Fifthly,  The  weight  R  being  inclined  beyond  me  line  K  R 
towards  P,  fuddenly  r  a  flies  to  the  oppolitepart  with  thecock  of 
the  Ballance.and  together  with  the  halt  toothed  Wheel  K,  im- 
pels  the  Beam  OP,  and  the  Cylinders,  N  and  O  towards  Bj, 
wherefore  the  Cylinder  N  lifts  its  hooked  Bar,  and  the  Cylin¬ 
der  Q  lets  it  down, and  this  being  received  within  the  jags  of  the 
Wheel  H,  make  firm  the  Pulley  K .  I  with  the  Wheel  B  F,  and, 
its  Wheels  pertaining  to  the  linking,  which  unlocks  toe  arm 
K  E,  by  a  certain  Leaver  which  the  Figure  doth  not  ex- 

Sixthlv,  The  hour  being  declared  by  (hiking,  the  ballance 
C  E  is  again  lifted  up  with  the  weight  R,  to  the  oppofit  pare 
hv  inclining  towards  O,  and  that  is  done  by  the  VhomtaUk 
Wheels  efoecially  by  thofe  which  are  thruft  on  immediately 
from  the  Wheel  E  F,  and  which  for  every  blow  or  ftroke 

won£ 


2  4°  Mechanic 4  Powers.  Book  IX. 

wont  to  go  once  round,  and  carries  in  it's  Axis  a  certain  heart, 
by  help  whereof  through  Leavers  difpofed  to  that  purpofe,  it 
inay  be  done  very  eafily,  the  Impetus  of  the  Wheels  approach¬ 
ing  from  the  collefted  motion. 

Note,  Fir/?,  in  Head  of  the  Pulley  K  I,  a  toothed  Tympane 
may  be  placed,  which  may  be  moved  by  another  inferior 
Wheel,  and  it’s  weight,  fbr  the  fame  effect  will  follow,  by  in- 
creafing  the  weight  of  the  clock  as  much  as  the  thing  requires: 
Notwithftanding  the  forces  of  which  may  be  hindred  by  a 
fpring,  or  fteel  fpire,  but  only  in  a  fixt,  or  Handing  clock,  for 
in  a  portable  one  the  fame  foundation  remaining  of  fhutting 
by  the  bar  LM,  the  other  furniture  of  the  Leavers  will  be 
otherwife  difpofed  to  work  changes.  Secondly ,  when  the  Vho - 
tiGt&clh  Wheels  are  incited  by  the  weight, the  motion  of  the  Index 
ceafes  the  fame  time,  but  after  that  manner  that  either  ’tis  of 
it  felt  ]but  little,  or  ’tis  compenfated  from  elfewhere ,  alfo  it 
may  be  fo  made  that  between  thofe  ftrickings,  the  Index  /hall 
not  move  forward  at  all,  but  the  more  free  defcription  of  the 
artifice,  the  brevity  of  time  excludes.  Thirdly ,  if  the  Chronome - 
trie  Wheels  are  incited  not  by  a  ballance,  but  by  a  Pendulum, 
the  Artifice  may  be  efle&ed  eafily,  that  that  may  be  appre¬ 
hended  and  included  in  the  uttermoft  term  of  its  arches,  and 
then  the  weight  being  reftored  to  its  Wheels,  ’tis  unloofed  into 
Vibrations, otherwife  the  motion  of  the  Pendulum  once  ceafing, 
it  cannot  be  Hir’d  up  again  by  the  weight  only  •  the  reft  Heave 
to  the  Ingenious  to  confider.  Thus  he. 

And  truly  this  practice  is  very  Ingenious. 


Problem. 
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Problem  XXV. 

To  caufe  any  flrong  hlow  or  ftroke  ufually  ft  ruck  on  great  Bells , 
ly  a  Hammer ,  and  ly  (treat  Weights ,  to  Lc  effected  hy 
much  lejjer  weight 9  and  fewer  toothed  Wheels . 

F/g.  ^.TEt  the  Wheel  ABCDEF  be  divided  into  6,  8,  or 


e 


more  parts,  in  the  divifion  of  which  points  mak 
fo  many  joints  for  certain  equal  arms  and  equiponderant  ham¬ 
mers, or  Iron  balls, or  Globes,to  be  fixed,  yet  foy  that  the  motion  of 
any  arm  run  not  out  beyond  the  quadrant  of  a  circle,  pify 
D  G  H :  To  the  Axis  of  this  Wheel  place  a  Pulley  with  a  weight 
and  one  toothed  wheel,  which  /hall  turn  about  a  certain  axis 
with  a  ballance,  to  retard  the  motion  of  the  whole  Engin,  and 
alfo  the  impetus  caufed  by  this  ballance,  &c. 

Rails  or  Bars  then  being  advanced  /hutting  up  the  motion  of 
the  Engin,  after  which  fome  hammer,  to  wit,  D  G  muft  be 
conveyed  perpendicular  to  an  Horizontal  fite,  and  a  little  be¬ 
yond  the  hammer  falls  down  with  a  force,  and  deferibes 
by  its  fall  the  arch  G  H,  and  on  the  brim  of  the  objected  Bell 
ftrikes  a  ftroke,  or  blow,  and  becaufe  it  touches  only  the 
extream  of  the  Bell,  Tis  prefently  withdrawn  by  the  Engin 
from  proceeding  any  further,  otherwlfe  if  the  hammer  /hould 
reft  a  little  while,  it  would  hinder  the  found  of  the  Bell,  fome 
ft  eel  plate  /hould  be  put  between  by  the  fide,  which  /liquid 
•draw  the  Hammer  immediately  from  the  bell,  and  not  hinder 
it  from  tending  downwards :  And  in  this  manner,  much  Idfejr 
weight  being  difpofed,  forces  the  Hammer  and  makes  the  ftrolces 
more  valid,  becaufe  the  Engin  is  as  it  were /Equilibrated:  The 
lame  may  be  performed  by  Iron  Spheres,  or  Globles,  falling 
from  on  high  on  the  bell,  which  Globe  is  again  railed  to  the 
height  by  a  ferew  with  a  fmall  power.  Or  fo  many  Globes 
may  be  placed  in  an  upper  place,  as  are  required  for  af}  the 
/hiking  of  hours  for  the  whole  day,  as  alfo  of  each  hour,  vO?  A 
one  of  them  is  freed  from  the  obftacle  that  it  may  fall  on  the 
Bell,  afterwards  two,  and  after  that  three,  &c.  accordion?  as 
the  number  of  hours  require:  The  hours  may  be  adorn1  \ 
divers  other  new  ways  to  /hew  the  diftance  of  hours,  for  t  rft, 

I  i 


ir 
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if  you  would  fhew  nor  only  the  hours,  but  alfo  the  quarters, 
you  may  do  it  by  many  fm all  bells,  to  wit,  make  life  of  live 
litrle  bells,  whofe  founds  afcends  by  degrees  in  a  Mufical  in- 
creafe  or  proportion  3  and  for  the  ftroke  of  the  firft  quarter, 
the  meaneft  or  lowed  little  Bell  will  found  Do,  or,  ut  j  for  the 
fecond  quarter  Do,  re  3  for  the  third  Do,  re,  mi,  then  follows ; 
the  ftroke  of  the  hour  fol,  fol,  fol,  &c.  fo  often  as  the.  prelent 
hour  requires. 

Secondly ,  the  fame  ni ay  be  effected  by  means  of  mufical 
Chords,  to  wit,  if  you  extend  them  on  a  table  made  thin  and 
hollow,  either  Parallel  to  each  other,  or  as  radius’s  meeting 
in  one  point 3  and  they  may  be  fo  fitted  and  tempered  that  two 
oppofits  give  a  Harmony,  beginning  from  perfect  and  pro¬ 
ceeding  to  imperfect,  for  thefe  kinds  of  Harmony  being 
Incited/each  hour  by  a  diurnal  Wheel  with  two  chords*, 
will  fignify  the  hour  decreed  in  a  bed  chamber,  which  may  be 
heard  in  a  night  without  the  trouble  of  noife  3  and  the  Im¬ 
pulse  of  the,  chords  may  be  repeated  three  or  four  times,  left 
the  hearing  be  deceived,  if  you  have  a  mufical  iMrument 
with  keys,  you  may  ufe  a  Phonotactic  Cylinder  dire 61  to  the 
Clock,  with  a  weight  hung  to  it,  by  which  it  will  be  turn'd 


about. 

Thirdly ,  the  thing  may  be  effeSed  likewife  by  the  Pipes  of  Or¬ 
gans, for  if  the  Phonotaffic  Cylinder  be  made  and  applied  to  the 
keys  of  the  Organ, and  the  Bellows  being  drawn  either  artificially 
by  fome  eafy  Engin,  or  being  once  drawn  perfifts  fo,  and  they 
muft  defcend  by  little  and  little  each  hour  while  the  found  of 
Hours  is  required  to  be  made. 

Fourthly,  the  Strokes  of  the  hours  may  be  made  by  a  military  : 
Tympane,  or  drum,  and  that  moft  eafily,  as  to  any  Induftrious 
perfon  will  appear  3  yea,  we  affirm  it  is  not  difficult  by  Engins 
to  exhibit  to  Vue  ears,  any  ftrokes  or  blows  wont  to  be  declared* 
by  Tympanes,  with  as  much  dexterity,  as  it  can  be  done  by 
the  moft  skilful  Mufick  Mailer,  both  as  to  the  Celerity  of  the  . 
blows  and  the  difference  of  inequality  of  Percuiiiqn^and  alfo 
a$.tQ  Harmony,  or  the  founds  of  Tympanes  in  Mufical  confcrt* 
Laflly ,  there  is  no  Mufical  j  lnftrument,  the  Tube  or  Trumpet 
perhaps  excepted,  but  it  may  be  fo  fitted  to  a  clock,  as  to  make, 
divers  Hamionical  founds  each  hour. 


Problem, 
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Problem  XXVI.  ]  f 

To  procure  excited  Sounds  at  appointed  times  ly  many  Ar¬ 
tifices. 

T His  Father  Schottus  teaches  at  Proportion  -the  i£th.  thus, 
inclofe  a  Steel  fpire  with  two  little  Wheels  and  a  little 
Hammer,  within  a  little  bell,  and  this  little  Engin  (lands  upon 
3  or  4  feet,  and  hath  a  little  tongue  (licking  out  downward* 
by  which  the  fteel  fpire  being  firfl  bent,  the  motion  is  imparted 
to  the  little  Hammer 3  If  then  the  little  Engin  be  placed  above: 
the  Index  of  the  clock  lying  Horizontally,  or  applied  vertically 
about  the  centre  of  the  Index,  the  feet  of  the  little  Engin  being 
ftablifhr,  and  that  little  tongue  (licking  out,  directed  to  the 
line  of  the  hour  which  you  defire  to  excite,  then  the  Index 
of  the  Clock  being  conveyed  to  the  little  tongue,  and  opening 
the  inclofure  of  the  little  Hammer  gives  the  ftroke  required  3 
and  after  that  whenfoever  you  pleafe  to  remove,  it  you  may, 
and  put  it  again  to  the  little  Engin. 

Fig.  162.  Secondly ,  if  a  Clock  be  required  (hewing  only  the 
hours,  and  to  hang  to  the  wall  of  a  room  3  In  the  wall  nigh 
which  the  weight  of  the  Clock  defcends  fallen  In  A  a  little 
arm,  or  Leaver  A  B,  movable  in  A,  on  the  end  of  the  Leaver  B, 
bind  one  end  of  a  (mall  chord,  than  to  a  little  Bar  fjxr  in  C 
caft  over  the  other  end  of  the  fmall  chord,  to  which  bind  a 
litt  le  (par  or  piece  of  a  (lick  C  D;  laftly,  fallen  a  third  little  Bar 
in  E,  within  which  and  the  end  D  of  the  Hick  put  the  light 
flick  E  D  between,  fo  that  it  may  (lick  fall  between  the  little 
bar  E  and  the  end  D  of  the  (par  or  piece  of  (lick,  and  the 
weight  G  being  hung  will  therefore  (lick  fail,  under  which 
you  mud  put  a  brafs  bafon,  or  fuch  like  body  of  found,  in 
which  the  weight  G  falling,  excites  a  found  3  then  lift  up  the 
weight  F  impelling  the  Clock,  to  fo  many  hours  as  you  defire 
it  to  excite,  for  the  weight  E  being  ellapil  in  a  determined 
time,  the  (lick  being  conveyed  (lowly  to  E  D  bares  It  down, 
and  calls  it  downwards  :  And  this  obftacle  being  taken  away, 
the  (lick  C  D  being  ioofed  fends  down  with  a  force  the  weight 
G  into  the  bafon  underneath. 

Ill  I  hi  dly , 
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Thirdly ,  for  excited  founds  for  Souldiers,  or  Husbandmen,  to 
a  determined  time,  you  may  prepare  them  eafily  in  this  man¬ 
ner,  take  a  piece  of  match,  fuch  as  Souldiers  ufe,  of  one  thick- 
nefs  and  denfiry  every  where,  try  diligently  how  much  the 
fire  will  confume  of  it  in  an  hour,  then  allowing  the  length  of 
the  match  for  as  many  hours  as  you  pleafe,  note  the  end*  and 
extend  the  whole  in  length  upon  fome  piece  of  timber  in  an 
Horizontal  fire,  and  a  little  elevated  from  the  earth  :  Then  in 
the  firfl  fign  noted  in  the  match, bind  a  little  chord, and  to  the  fame 
fome  weight,  w,.  a  (lone,  and  the  other  end  of  the  rope  or  chord 
bind  about  and  make  faft  to  fomewhat,  as  to  a  wall,  or  a  tree, 
&c.  for  it  will  come  to  pafs,  that  when  it  hath  burnt  to  the 
noted  fign,  it  burns  or  deitroys  that  end  of  the  little  rope,  and 
the  ftone  falls  into  fome  Veffel  or  table  placed  juft  under,  it  and 
fo  makes  a  noife. 

Many  other  fuch  like  may  be  thought  on  which  may  either 
be  applied  to  Clocks,  or  may  effedt  it  themfelves,  that  at  an  ap¬ 
pointed  time  they  may  waken  and  raife  up  them  that  fleep  by 
fome  noife  3  For  in  the  firft  place  all  kind  of  Clocks  w7hich  we 
have  defcribed  before,  to  wit,  which  are  moved  in  defcending 
by  an  inclined  plane,  that  may  eafily* be  done,  if  while  they 
come  to  fuch  a  line  of  the  hour,  they  run.  again  ft  fome  obsta¬ 
cle,  from  whofe  repulfe  or  removal,  a  found  is  made,  or 
fome  other  noife  excited  3  Secondly ,  we  may  obtain  it  by  all 
hour  glaffes  of  land  or  water,  for  being  increafed  by  degrees 
by  the  weight  of  the  water  or  find  falling  down,  it  may  be 
made,  that  when  it  increafes  to  fuch  a  magnitude  the  other 
weight  Shall  prevail,  which  either  lilts  it  up,  or  being  freed 
from  the  Impediment  it  fhall  fail  down,  &c. 
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Problem  XXVII. 


Divers  Ornaments  applicable  to  Clocks,  and  fuel  like 
Engins . 


THE  Ornaments  which  may  be  added  to  Clocks, and  other 
Chronometric  Engins,  are  innumerable,  for  befides  thoie 
which  belong  to  their  Indexes,  and  the  other  before  mentioned, 
the  ingenious  Artificer  may  eafily  invent  many  other,  lome 
whereof  we  will  lhew  briefly. 

Firft ,  a  Clock  may  be  made  which  not  only  declares  the 
hours  and  quarters,  but  alfo  the  minutes  and  feconds,  and  that 
either  with  divers  little  bells,  or  by  a  mufical  Infliument  of 
Chords  or  Pipes. 

Secondly ,  the  noife  of  the  forefaid  Harmony  may  be  made, 
either  before  thofe  flrokes  can  publifh  the  Mufical  confer t,  not 
only  in  Email  bells,  or  any  other  Inftrument,  or  alfo  more  to¬ 
gether,  which  may  eafily  be  done  by  Phonotadiic  Cylinders, 
as  is  fliewn  before  ;  and  not  only  by  thofe  Cylinders,  but  alfo 
by  an  oblong  plane,  to  wit, if  you  have  a  thick  plate  of  mettal  or 
a  wooden  table,  to  which  fallen  fo  many  Email  bolts,  or  pins, 
and  diflant  a  due  proportion  between  themfelves  as  the  Mufi¬ 
cal  tone  requires,  Eo  that  while  that  plane  is  moved  upward 
and  downward  to  the  right  hand,  or  to  the  left,  his  Email  pins  > 
flicking  out,  hits  again!!  the  Organ,  or  other  Infirument,  &c« 
And  this  oblong  plane  may  be  moved  here  and  there  by  a  re¬ 
trograde  motion,  as  is  fluid  before  concerning  the.  Index .  of 
the°iike  plane  at  Problem.  17,  in  which  cale,  notwithflanding 
It  behoves  the  whole  thing  to  be  doubled,  to  wit,  one 
anfwering  to  one  half  of  the  oblong  plate  moved  in  one  part, 
and  the  other  to  the  other  half  in  the  return  of  the  fame: 

plate. 

That  the  Clock,  or  Inflruments,  may  be  rightly  applied,  the 
following  things  are  to  be  obferved.  Fhfi,  the  toothed  Wheels 
of  Clocks  which  the  Cylinder  turns  about,  ought  tobefeituate 
in  the  middle  of  the  fame  Cylinder,  or  in  both  ends  of  it, 
for  if  it  be  applied  to  one  et  d  only,  feme  inequality  eafily 
happens  to  the  motion,  by  the  refifLnce  of  railing  the  Ham- 
r  mers3., 
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mers,  or  deprefling  the  little  hands,  &c.  and  the  Cylinder 
muff  be  exactly  turned:  Secondly ,  for  each  fmall  bell  ( if  you 
will  make  the  founds  on  bells  )  let  there  be  two  Hammers, 
two  little  hands,  and  two  rows  of  holes  in  the  Cylinder,  to 
wit,  that  any  note  although  fhort  in  the  tune,  may  be  expreft, 
when  they  are  doubled,  or  repeated  many  times,  for  if  thofe 
notes  be  many,  to  wit,  tailed  or  twice  tailed  following  im¬ 
mediately,  it  cannot  fo  well  be  ftruck  by  one  Hammer,  and 
prefen tly  raifed.  Thirdly ,  the  fewnefs  of  holes  for  one  touch, 
may  be  fupplied  by  the  d iverfi ty  of  fmall  pins,  more  or  lefs, 
ftretched  out  without  the  hole  in  which  they  are  fanned: 
Fourthly,  to  greater  Hammers,  or  greater  re  liftings  of  Elevation, 
Poifers  or  weights  mud  be  hung  as  much  as  need  requires  3 
Fifthly ,  the  little  hands  and  fmall  pins,  are  moll  exactly  of  a 
length.  Sixthly ,  for  accelerating  the  motion  of  the  Cylinder, 
thofe  wings  which  catch  the  wind,  or  fmall  weights  inftead  of 
them,  are  movable,  that  they  may  be  moved  more  or  lefs  to 
the  Centre  of  motion.  Seventhly ,  when  the  motion  of  the 
Cylinder  a  died  by  weights,  is  (lower  in  the  beginning,  a  ftay 
mud:  be  put  between,  of  one  touch,  ora  touch  and  an  half,  to 
gain  the  Impetus,  before  the  little  keys  or  pins  begin  to  publifh 
the  ftrokes:  Eighthly ,  if  the  Contort  of  mufick  proceed  the 
ftrokes  of  the  hours,  care  mud  be  taken  that  the  key  opening 
Vthe  drifting  Wheel  of  the  hour  be  movable,  led  when  the 
tunes  are  forne  fhorter  than  others,  the  droke  of  the  hour  may 
be  a  long  time  expedfed. 

Thirdly ,  as  Indexes  of  Clocks,  and  other  Engins,  belong  to 
the  Senfe  of  the  eyes,  and  of  the  found  to  the  hearing,  fo  to  the 
-  Ernie  hour  meafurers,  other  ornaments  may  be  added,  which  be¬ 
long  to  Odour  or  duelling  3  for  it  may  be  made  that  every 
hour,  or  at  other  appointed  rimes,  a  box  or  fmall  cidern  may 
open,  in  which  fome  odoriferous  body  fmelling  very  fweet  is 
ddofe  fhut,  and  the  Odour  will  difperfe  it  fclf  into  the  whole 
room  3  in  like  manner  cocks  of  fmall  fountains  may  be  opened, 
fending  forth  Odoriferous  liquors,  which  liquors  may  be  di¬ 
vers,  according  to  the  diverfity  of  the  hours  of  the  time  3  yea, 
they  may  be  lo  fine  and  full  of  Spirituous  rectification,  that 
they  may  refolveinto  air,  and  by  their  fubtilry  vanifti,  their 
Odour  only  remaining.  Neither  is  it  necdfary  to  ufe  many 
fountains  or  fpirital  Engins,  if  fo  be  you  make  a  Email  Ertgin, 
out  of  Whofe  cock  only,  divers  liquors  run  forth  every  hour" 

Alfa 
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Alfo  Odours  may  be  made  either  by  means  or  perfuming  fire 
which  may  be  excited  every  hour,  to  wit,  by  percullion.that  the 
next  fweetned  matter  may  be  burnt ;  Or  being  moved  into  an 
occult  furnace,  or  lamp,  the  matter  may  be  moved  to  them,  or 

rather  thofe  to  It.  ,  .  .  , 

Fourthly ,  It  may  be  made,  that  the  clock  every  hour  oi  ap¬ 
pointed  time,  fhall  atchieve  divers  offices  of  trim,  as  it  were  a 
fetvanr  and  be  dilligent  in  the  Bed-chamber  defigned  to  va¬ 
rious  Offices;  foCloks  maybe  made  which  at  a  prenxt  time 
of  night  fhall  ftrike  fire  and  kindle  a  light ;  and  in  the  lame 
manner  they  may  be  fo  fitted,  that  they  may  fond  forth  water 
from  a  fountain,  at  certain  hours  ror  the  wafting  or  hands, 
or  draw  it  from  a  well,  or  lo  as  to  {huff  candles  dextenoully, 
at  appointed  times:  Alfo  a  clock  may  be  made,  which  be¬ 
ing  “placed  on  a  Table,  may  reprefont  Bacchus  fitting 
on  a  Tun,  and  at  certain  times  fill  pots  with  diveis  kinds 
of  wines :  Alfo  a  Statue  may  be  made  in  the  top  of  the 
Clock  Turret,  that  may  unfold  a  ftreamer  m  the  morning,  and- - 
fold  it  up  in  the  evening ;  and  many  other  inch  like  as  thele, 

,F  other  Inftruments  may  be  added  to  Clocks  which 
may  fhew  the  degrees  of  heat  and  cold,  and  alfo  of  moiftuie 
and  drynefs,  or  which  fhall  foretel  when  it  will  be  rain  and 
when  fair  weather,  yea,  and  they  may  fhew  the  winds  at  any 
time  in  an  inclofed  chamber. 


Problem  XXVIII. . 

To  make  a  Chariot,  or  flip,  with  an  Index  of  Miles,  for  the  • 
meafurwg  of  a  Journey . 

Ttz  K  Eafure  the  compafs  or  Periphery  of  the  Chariot  c 

6  °  JVL  Wheel  propofed,  and  for  example  let  it  be 

ten  feet  *  To  the  Axis  of  this  Wheel  A  B,  fit  a  imall  tooth 
E  running  on  another  Wheel  CD,  mrnifht  witn  50  teeth: 
AVain  this  Axis  1  E  mud  have  afmali  tooth,  like  to  the  imall 
tooth  of  the  former  Wheel  in  E,  which  folds  into  the  teeth  of 
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the  Wheel  E  F,  divided  into  12  equal  parts,  each  of  which 
'COnfifts  of  10  teeth,  fo  that  all  the  teeth  of  this  Wheel  are 
,2o  ;  Moreover  in  its  Centre  G  an  immovable  Index  is  dif. 
pofed,  which  will  tell  the  number  of  Miles  and  hun~ 
di'cds  of  Paces  that  hath  palled  by  the  Chariot  in  the  jour¬ 
ney  •  for  each  circumvolution  of  the  Wheel  A  B,  that  is, 
every  two  paces  that  is  made  in  the  Journey,  ore  tooth  of  the 
Wheel  C  p  is  moved  forward  by  means  of  the  fmall  tooth  C, 
and  therefore  lince  the  Wheel  C  D  is  furnifht  with  teeth, 
its  whole  circumvolution  will  be  compleated  after  100  Paces, 
and  then  it  moves  forward  the  Wheel  E  F  by  means  of  the 
little  tooth  E  3  then  lince  every  part  of  divilion  of  the  Wheel 
fc  F  conlids  of  10  teeth,  after  every  10  circumvolutions  of  the 
Wheel  C  D 3  that  is,  after  1000  Paces,  or  one  mile  of  the 
Journey,  the  Index  after  that  will  note  another  number  of 
Miles  •  in  the  fame  manner  altogether  the  thing  may  be  done 
in  a  Ship,  provided  that  a  Jagged  Wheel  like  to  the  Wheels 
of  Mills  be  fo  fitted  to  the  fide  of  the  Ship,  that  it  may  freely 
move  about  the  axis,  while  its  Jags  hit  again#  the  wrater-  and 
this  Wheel  will  be  inftead  of  the  Wheel  of  the  Chariot' A  B, 
to  which  others  are  added,  as  we  have  faid  3  for  the  whole 
Artifice  confifts  in  this,  that  the  circumvolution  of  the  firft 
Wheel  which  anfwers  the  length  of  the  Journey  be  multiplied 
proportionally -to  the  other  Wheels  (ID  and  EF,  which  may 
be  done  ealily,  and  divers  ways. 


Problem  XXIX. 


The  method  of  making  Archimedes^  Screw  for  the  raifing  of 
water  fever  a  l  ways. 


Flo;. 

o 


A  R chime J es  his  Screw  is  no  other  than  a  Column 
or  Cylinder,  on  which  a  Tube  is  wound  about 
fpirally,  or  in  the  nature  of  a  fcrew,  as  appears  in  the  annexed 
Sell  earn,  where  A  3  repr  dents  the  Cylinder  in  an  inclined  fate 
to  the  Horizon,  and  C  D  fhews  the  Tube  drawn  about  it  foi- 
rallyq  and  this  Tube  if  one  end  of  it  have  in  open  mouth  Q 
piu  in  die  water,  io  that  the  water  enter  into  ip,  and  then  the 

Cylinder 


0 


2 


.  J 


Cylinder  being  duly  inclined,  and  it  being  turn’d  about  by 
the  two  poles,  or  ends  of  the  Axis  E  F  that  it  "flays  upbrff 
it  will  come  to  pafs  that  the  water-ferpent  by  little  and  little 
will  afcend  to  the  top,  and  run  out  at  the  other  mouth  D. 

This  ancient  and  moil  ingenious  Engin,  owns  the  moft  in¬ 
genious  Archimedes1  for  ]  its  inventer,  /which  firft  ufed  it  to 
empty  water  out  of  the  great  /hips  of  Hkro, King  o  fSyracufe;  then 
the  Egyptians  ufed  the  fame,  (  witnefs  Dwdorm  Siculus  )  to  draw 
out  the  water  from  the  fields  drowned  by  the  River  Nyles,  and 
Cardan  in  his  book  de  Subtil ,  makes  mention  of  a  Blackfmith 
that  made  this  kind  ofEngin,  arid  imagining  himfelf  to  be  the 
hr  ft  inventor  of  it,  for  joy  tan  out  of  his  wits. 

How  much  the  Cylinder,  or  its  Axis  E  F,  ought  to  be  ele¬ 
vated  above  the  Horizon  is  not  ealily  determin’d, as  will  appear 
by  what  follows,  although  commonly  Mechanics  (  with  Vitru- 
viits.  Book  io,  Chap.  1 1 .)  require  fuch  an  inclination  as  con- 
ftitutes  ! Pythagoras  his  triangle  E  G  F,  to  wit,  fitch  that  the 
fide  or  Safe  E  F  which  refembte  the  Axis  of  the  Cylinder 
fhall  be  to  the  fide  E  G,  which  is  the  Horizontal  line,  as  %  to 
4,  and  the  fide  E  G  in  which  the  other  fide  F  G  falls  perpen¬ 
dicularly,  iS'to  F  G  as  4  to  3.  :  i  e  ' 

And  the1  Tube  and  its  Spire  muft  be  fo’  fitted  about  the 
Cylinder,  that  each  Spire  be  more  or  lefs  inclined,  and  more 
or  lefs  nearer  each  other  by  turns. 

Befides  4o  the  fame  Cylinder,  (  which  may  be  greater  or 
fmalfer  )  there  may  be  put  about,  two,  three,  or  more  Tubes, 
fo *  that  one  fucceffively 'J after  aiiotfl er  may  draw5  rh e '  water 
beneath,  and  may  pour’ll  out  in  the  fame  Orcter  above.  •  G 
^  Same  hide  the  Tube,  or  Tubes,  within  the  hollow  of  the’ 
Cylinder;  or  they  make  the  whole  cavity,  except  the  Axis  in 
the  middle,  into  a  Spiral  pipe,  or  Channel,  after  the  manner  of 
winding  flairs,  for  firft  they  make  the  Channel  fpirally  about 
the  Axis  of  fmail  timber,  then  afterwards  they  cover  ft  he  whale 
all  over,  that  the  whole  Engin  ferns  a  mem  Column,  the- 
myftery  lying  hid  Within  ;  Father  Chriftofher  Qmmbtrgcr  made 
a  tranfparent  Channel,  or  fpiraf  pipe,  covering  it  over  with  a 
Selenite  Hone,  or  looking  Glafs,  that  it  may  appear  to  the  eye 
ooking  on  it,  how  the  water  afeends. 

If  about  the  Cylinder  you  fit  little  boards  fuch  as  is  ufed  in  mill 
Wheels, or  a  Wheel  furrtifht  with  little  boards  be  fitted  about  the 
fame,  near  the. lower  part  B,  this  part  may  be  io  kept  above  the 

Kk  water 
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water  of  the  River  flowing,  that  the  little  boards  may  be  for- 
ced  by  the  water,  and  turn  about  the  Cylinder,  for  fo  the  water 
may  be  conveyed  from  the  River  into  a  meadow,  or  any  other 
place  that  you  will  have  it. 

Moreover  you  may  raife  water  to  any  height  in  a  narrow 
place,  viz,*  within  a  Tower  to  the  top  thereof,  as  we  have 
known  done  at  Augufta  in  Germany  ;  to  wit,  if  the  fpiral  pipes 
be  multiplied,  fo  that  the  water  being  raifed  by  the  lower  fpirah 
and  being  poured  out  in  D  into  fome  receptacle,  or  Ciftern  y 
hence  it  may  be  raifed  higher  again  by  another  Spiral,  and  fo 
fucceifively  by  more  fpirals,  as  high  as  you  pie  ale,  all  which 
Spirals  may  be  moved  by  one  power,  viz,,  by  the  water  of  a 
River  underneath,  or  by  another  animated  Power. 

Thus  much'as  to  the  making  and  common  ufe  of  the  Screw* 
or  Spiral  pipe,  and  you  will  fcarce  meet  with  any  thing  elfe 
among  writers,  but  that  which  contains  the  reafon  where- 
fore  the  water  alcends  by  the  fpiral  pipe,  contrary  to  its  natural 
gravity,  you  will  hear  the  fame  ftory  among  all  of  them  that 
I  have  read ;  water  indeed  always  defcends  in  the  fpires  of  a 
Tube,  and  flows  naturally  to  the  loweft  place,  but  neverthe- 
lefsin  the  mean  while  by  turning  round  of  the  Cylinder  ’ti& 
conveyed  to  a  higher  place  ;  likewife  the  weight  of  the  water 
it  felf,  while  it  advances  the  fpiral  Tube,  or  pipe,  helps  its  ad- 
vancment:  Some  fay  fis  done  by  a  certain  mixt  motion  joyn’d 
together,  of  the  defcent  and  afcent  of  heavy  bodies,  which 
while  they  affe<3  to  defcend  by  their  proper  motion,  they- 
run  through  the  Spiral  of  their  own  accord,  and  the  fpiral  by 
the  turning  about  of  the  fcrew,  the  weight  running  down  lei- 
furely,  and  obliquely  and  as  it  were  by  Health,  raifes  it  up?* 
by  degrees,  I  fey,  you  will  find  thefe,  and  fuch  like  exprelfions, 
or  nicer  words  which  found  altogether  the  fame  thing. 

That  we  may  therefore  fhew  the  true  caufe  of  this  motion 
clearly  and  manifeftly-  without  ambiguous  words,  we  muff 
obferve  fome  Experiments  approved  by  us. 

Firfi ,  Nor  only  water,  or  other  Liquor*  may  afcend  by  the 
Tube  of  the  fcrew,  but  a-lfo  one,  or  more  Globes  of  any  folid 
metallic  matter. 

Secondly ,  by  how  much  greater  fwiftnefs  the  fcrew  is  turn’d 
about,  not  only  a  greater  quantity  of  water  afcends  proporti¬ 
onally  to  the  greater  fwiftnefs,  as  if  the  motion  of  the  fcrew 
be  doubly  fwifter,  the  quantity  of  the  water  will  be  doubly 

greater 
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greater,  which  in  equal  time  will  be  poured  out  of  the  upper 
mouth  of  the  Tube,  but  a  much  greater  proportion,  to  that 
it  may  happen  that  the  motion  of  the  Cylinder  about  its  axis^ 
being  put  double,  the  quantity  and  confequently  the  velocity 
of  the  water  afcending  is  triple,  or  alfo  quadruple, or  quintuple  * 
and  this  appears  clearly,  if  inftead  of  water  we  place  Bullets, 
or  fmall  metallic  globes  in  the  channel  of  the  fcrew  *  for  it  will 
come  to  pafs  fometimes,  that  the  fcrew  being  turn  d  about,  the 
Globe  will  afcend  but  very  little,  or  if  it  afcends  a  W«e,  it 
prefently  Aides  or  falls  down  again  in  the  Tube,  but  the  ve¬ 
locity  of  turning  about  being  increaft,  it  only  afcends,  all  the 

other  circumftances  remaining  the  fame. 

Thirdly ,  the  letter  the  axis  of  the  fcrew  is  elevated  from  the 
Horizon,  the  greater  plenty  of  water  afcends,  and  with  more 
eafe,  fo  that  the  fcrew  be  turn’d  with  the  fame  velocity,  and 

all  other  things  alike.  .  .  c 

Fourthly ,  There  is  not  the  fame  proportion  of  quantity  or 
water  afcending  through  a  narrow  Tube  of  a  fcrew,  to  the 
quantity  of  water  afcending  through  another  broader  Tube, 
as  is  the  Batts  of  the  narrow  Tube  to  the  Batts  of  the  broader  T  ube  $ 
for  example  Jet  the  narrower  Tube  be  A,  and  the  Tube  B  doubly 
broader  (  or  as  broad  again,  )  I  fay, through  the  Tube  B  there 
does  not  afcend  a  double  quantity  of  water  the  other  things 
being  alike,  but  lefs  then  double,  and  therefore  if  there  fliould 
be  two  Tubes  of  A,  and  only  one  Tube  of  B,  although  the 
largenefs  of  this,  or  the  inward  cavity  be  equal  to  the  double 
largenefs  of  the  other  two  Tubes,  notwithftanding  it  will  not 
draw  an  equal  quantity  of  water,  fo  that  they  are  all  of  an 
equal  length,  and  in  the  fame  manner  alike,  or  the  ferews  are 
turn’d  alike. 

Thefe  things  being  noted,  I  fay,  in  the  firft  place,  that  ’ris 
faife  which  they  commonly  affirm  (  as  is  faid  before  )  that  the 
water  does  defeend  in  any  manner  in  the  Tube  of  the  fcrew, 
and  much  lefs  to  make  a  mixt  motion  by  the  afeent  and  defeent : 
And  this  appears  in  the  firft  place  chiefly  by  an  experiment  of  a 
Globe  turn’d  about  in  a  Cylinder  through  aglafsTube,fo  always 
afcending  as  ’tis  never  difeern’d  to  defeend  ( I  fpeak  in  re- 
fpedt  of  the  Tube)  for  it  runs  towards  the  upper  part  of  the 
Tube,  never  going  back  untill  at  length  it  break  out  at  the  up¬ 
per  mouth  of  the  Tube  3  the  fame  which  appears  in  the  upper 
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ftiperfiqles  of  water  afcending ;  and  certainly  it  feerns  to  bet 
implied  in  the  tefrhs  that  the  fame  heavy  body  fhould  afcend 
and  defceh  d  together  at  the  fame  time,  for  it  will  be  moved- 
together  with  two  oppofice  motions,  which  is  contrary  y  as  we- 
have /hewn  before. 

The  reafon  then  why  the  water, or- Globe, or  any  other  heavy 
>dy,  afcends  through  the  fpiral  Tube  of  the  fere  wrought  ter 
be  fought  from  the  adherence  of  the  water,  or  other  body,  'to* 
the  inward  fuperficies  of  the  Tube,  either  from  fome  rough- 
nefs  of  the  fame  fuperficies,  or  alfo  of  the  fblicl  Globe  afcending, 
by  reafon  of  which  the  motion  of  bodies  is  hind  red  in  their 
defeent  by  an  inclined  plane,  which  how  it  happens  in  the 
ferew  will  be  eafy  to  explain  from  what  is  faid. 

I  fay,  then  the  water,  or  Globe,  doth  not  always  move  in  the 
Tube,  fo  as  always  to  g6  forward  further,  but  by  fome  little 
fpace  of  time,  wherein  the  Cylinder  is  turn'd  about,  the 
Globe  reflsin  the  fame  part  of  the  Tube ;  but  becaufe  the  fame 
time,  in  which  the  Globe  refts  with  refpedl  to  the  Tube,  that 
part  of  the  Tube  on  which  the  Globe  refts,  afcends  by  the 
turning  about  of  the  whole  Cylinder,  it  comes  to  pafs  a ifo,- 
that  ■  th£  Globe  refting  in  that -part,  in  the  mean  while  is 
raifed  higher  from  the  Horizon,  and  the  other  parts  of  the 
Tube  immediately  following,  obtain  a  lower  fite  with  re- 
fpe6l  to  the  Globe,  which  therefore  are  conftituted  in  a  plane 
fbmewhar  inclined  j  then  the  reft-  of  the  Globe  celling  in  that 
parr  of  the^Tube,  it  defeends  by  that  inclined  plane  to  the  lower 
paft|  J  and  there  if  feds  again  (  for  as  much  as  if  it  fhould  pafs 
fctfefofoftUghf  to*  afteiid,  which' is  contrary  to  its  natural 
gravity  l  and  while  it  refts  in  that  part, ’ds  transfer  d  again  to¬ 
gether  with  the  Tube  into  an  higher  fite,  from  whence  it  a- 
gain  roles  down  by  another  '  inclined  plane  on  the  other  part 
ofahe^Tube;  and  fo  by  degrees  is  moved  forward  even  to  the 
upper  mouth  of  the  Tube;  and  the  reafon  of  tMk  interrupted 
•rhotibd-,  Or  intei^ofidon  of  rdft,  is,  as  I  fakft  the  adherence  or 
roughnefr  of  the  faphficks  both  ofthfe  Tube  and  alfo  of  the 
Gfobe  ^  for  ific^me&ttfcpafs  that  by  fome  little  flays  the  motion 
1$  intermitted,,  while  the  movable  body ’finds  reliftance  in  the 
rough  plane,  ;  ;  *  ;  i 

_ .T  *  L  i  t  . 
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>  itedfrfrerb  fe  another  reafon'  befides  the  forefaid 
refiftance  of  Roughnefs,  tDf/  adherency  of  bodies,  which  very 
much  moves  forward  fuch  motion :  to  wit,  the  impreft  Im¬ 
petus,, 
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petus  of  motion  in  the  oppofite  part  or  the  G  l  o  oe ,  o  r  w  a t e i.:  L c c 
the  Horizontal  line  be  A  B,  above  which  the  axis  oi  the  icre-w 
A  C  is  raifed,  and  let  the  fpiral  Tube  be  D  E  I  L  M  N.  bfofth 
for  example,  if  the  Globe  of  lead  be  in  part  of  the  Tube  E,  and 
the  Cylinder  be  turn’d  about  with  a  motion  from  E  towards 
G  D  3  while  the  Globe  reds  a  little  in  part  of  the  Tube  g, 
in  as  much  as  that  part  together  with  the  Globe retting 
ed  by  the  turning  about  of  the  Cylinder  into  a  place  neauq 
the  horizontal  line,  into  P,  and  in  the  mean  wni.e,  tin. 
part  of  the  Tube  H  is  depreffed  to  Qi  fro  m  whcnu:  it  cohivS  lO 
pafs  that  part  of  the  Tube  is  condituted  in  the  inclined  ntc  1 
Q,  and  therefore  the  Globe,  which  was  found  in  P  defcends 
through  that  part  of  the  Tube,  or  inclined  plane  from  P  in 
Q,  where  you  fee  now  the  Globe  advanced!  bighei  above 
the  Horizon;  for  the  point  is  more  diftant  from  the 
Horizon  A  B,  than  the  point  E,  where  the  Globe  was  before  p 
again  in  Q,  becaufe  of  fame  refinance  which  it  cannot  over 
come  through  the  little  day  of  time  reding,  his  railed  as  be¬ 
fore  with  part  of  the  Tube  in  the  fame  point  Q^>  then  an- 
fwering  to  the  time,  from  whence  again  after  reding,  ir  mils 
down  in  the  other  part  pf  the  Tube,  and  fo  fuccefljvely  in  de- 
fcending  it  truly  afcends,  but  not  fo  as  to  afcerid  in  the  lame 
tune  in  which  it  defcends,  and  therefore  it  cannot  be  laid?1 
truly  (peaking,  that  it  afcends  in  descending,  nor  that 
that  motion  is  properly  compofed  of  afcent  and  delcenr. 
Wherefore  it  afcends  in,  that  .part  of  time  in.  which  tis  Hindi  ed 
by  the  adherence  to  the  inward  fuperficies  of  the  Tube,  or  its 
roughnefs,  that  ’tis  not  moved  forthwith,  but  it  defcends 
after  that  fmall  day,  or  little  red,  and  becaufe  it  defcends 
more  oblique  than  before  it  afeended,  therefore  the  defeent 
is  lefs.  confiderid  abfolutely  and  in  a  perpendicular  line  than 
is  the  afcent  3  and  therefore  after  all  the  defeents  it  will  be., 
found  higher  above  the  Horizontal  line,  • 

Add ?  that  after  each  defeent,  to  wit,  after  the  deicent  from 
G  in  E,  it  doth  not  prefently  red  in  the  lowed  place  E,  due  to 
it  naturally,  but  by  the  acquired  impetus  in  defeending  by 
the  inclined  plane  G  E,  it  afcends  alfo  further,  viz.  to  H,  e- 
fp^cially  lirice  the  point  of  the  tube  H  defcends  in  the  mean 
while, and  paffes  away  the  globe,  that  therefore  it  may  fhun  the 
fieepneft  from E  inH,  by  being  fucceffively  lighter,  and  aicencl 
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Finally,  to  the  facilitating  of  this  motion  of  the  globe  the 
impreft  Impetus  of  the  tube  concurs  to  the  oppofite  part  of 
the  motion  of  the  globe,  for  it  is  found  by  experience,  that 
the  Globe  defcends  more  fwift  on  an  inclined  plane,  being 
moved  (  for  example  )  from  the  Eaft  towards  the  Weft,  if  in 
the  mean  while  that  it  defcends,  the  inclination  remaining  the 
fame,  the  plane  be  transfer’d  by  an  oppofite  motion,  to  wit, 
from  the  Weft  towards  the  Eaft;  fince  therefore  while  the 
Globe  defcends,  by  the  inclined  part  of  the  Tube  from  G  in 
E,  or  alfo  while  it  afcends  further  from  E  in  H,  the  Tube 
by  the  Circumvolution  is  moved  by  an  oppofite  motion  from 
H  towards  E  and  G,  it  come  to  pafs  from  fuch  motion,  or 
from  the  oppofite  Impetus  of  the  Tube,  it  acquires  a  greater 
velocity :  Bur  likewife  this  muft  be  obferved,  that  as  often  as 
the  oppofite  Impetus  of  the  Tube,  or  of  the  inclined  plane  a- 
vails  to  the  velocity  of  the  motion  of  the  globe,  fo  often  the 
Globe  fuffers  fome  rubing  or  wearing  with  the  plane  that  lies 
under  it:  Wherefore  from  the  beginning  to  the  end,  all  the 
reafon  of  the  motion  of  the  Globe  in  the  fpiral  Tube  of  the 
fcrew,  feems  to  be  founded  on  the  forefaid  adherence,  or  re¬ 
finance  of  bodies  in  the  contaft  of  fuperficies.  And  what  we 
have  faid  concerning  the  Globe,  the  fame  may  altogether  be 
faid  of  water,  or  of  any  other  body,  notwithftanding  we 
have  made  ufe  of  the  Globe,  in  the  example,  becaufe  if  the 
experiment  be  made,  as  we  have  oftentimes  done  in  it,  all 
thefe  things  clearly  appear,  which  hitherto  we  have  laid  * 
And  that  the  Globe  may  be  manifeft  to  the  eye,  and  the  reafon 
of  its  motion  may  be  obferved,  either  we  muft  make  ufe  of  a 
glafs  Tube,  or  the  fecret  hollow  channel  about  the  Cylinder 
muft  be  of  tranfparent  ftone  to  fee  through ;  or  you  may 
eafily  put  a  double  wyre  about  the  fpiral  Cylinder,  fo  that 
that  Iron  thred,or  wyre,  touch  not  the  Cylinder,  but  ftand 
above  it  about  half  an  Inch,  and  the  fame  diftance  alfo  between 
it  felf,  and  therefore  fome  quadrangles  intercept  the  fpace  of 
way,  on  which  the  Globe  is  placed  as  it  were  on  a  channel 
or  groove. 

From  what  hath  been  faid  *tis  manifeft,  in  the  firft  place, 
how  the  motion  of  bodies  which  are  raifed  by  means  of  this 
Engin,  are  reduced  to  motion  by  an  inclined  plane. 
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Secondly,  a  reafon  appears  why  the  turmng  the  Cylinder 
about  with  a  greater  velocity,  or  more  (wifely,  that  it  doth  not 
only  raife  greater  plenty  of  water  proportionally,  but  alfo 
makes  the  fame  afeent  more  abundantly  eafy,  for  fi nee  the 
oppofite  motion  of  the  Tube  avails  much  to  the  afeent  of  the 
™  as  we  have  laid,  by  how  much  fw.fter  this  motion 
is  which  is  made  by  turning  about  of  the  Cy  linder,  by  fo  much 
rhe  more  the  afeent  of  the  water  is  advanced. 

Add,  that  that  little  fpace  of  time  which  the  water  or  the 
Globe  refts  in  fome  lower  part  of  the  Tube  ti»  tailed  highet, 
that  therefore  the  reft  ceafing  it  ought  to  defeend  lefs,  and 
after  the  defeent  ’tis  now  much  higher  raife d  above  rbe  Hoiizon 
than  before:  moreover,  fince  that  little  (lay  of  the  Globe  hap¬ 
pens  from  the  impediment,  or  roughnefs  of  the  Tube,  fuppofe 
the  Globe  to  be  in  E,  and  fome  impediment  or  roughnefs  in 
he  Superficies  of  the  Tube,  to  be  in  its  way  on  the  parr  to¬ 
wards  H  ;  when  this  kind  of  roughnefs  is  moved  forward  to¬ 
wards  P  or  G,  and  let  that  which  raifes  the  Globe  be  as  far 
asP,  if  the  Tube  be  moved  more  fwiftly,  it  lmprelfes  a  gteater 

lmSly%s‘ mlnifeftllfo?  why  if  the  ferew  be  lefs  elevated 
above  the  Horizon,  that  the  water  afeends  the  eafier,  I  fay,  the 
eafe,  that  is,  with  lefs  force  and  labour  of  him,  or  that  which 
turns  the  Cylinder:  (for  if  the  Cylinder  being  turn  d  about 
3  the  fame  fwiftnefs,  an  equal  quantity  of  water  fhould  af 
cend  whether  it  be  more  or  lefs  mclinded  )  the  realon  is 
manifold:  Firft,  becaufe  when  the  Axes  AC  are  moie  Elevated 
the  weight  gravitates  more  upon  the  prop  of  the  Axis  in  A, 
"  bm  3;  upon  the  prop  in  C,  but  if  the  Axis  be  lefs  raifed  above 
the  Horizon,  or  comes  nearer  to  an  Hor.zonta  fite  the  whole 
weight  is  diftributed  to  the  Props  A  and  C  W«h  lets  inequality, 
from  whence  it  comes  to  pafs  that  the  Circumvolution  or  turn¬ 
about  is  eafier.  Secondly,  and  Chiefly  Becaufe  the  entrance 
ofehe  water  into  the  Tube  by  the  lower  mouth  D,  refifts  and 
ft  rives  againft  the  weight  or  preffure  of  the  water  which  is  in 
the- whole  Tube,  and  that  weight  or  force  of  preffure  is  not 
computed  from  the  quantity  of  water  which  is  in  the  Tube  f  for 

thaTis  always  the  fame  whether  the  Cylinder  be  more  or  lefs  m- 

clined  )  but ’tis  computed  from  the  greater  or  Idler  perpendicu- 
lar  C  B;  therefore  when  the  perpendicular  C  B  is  greater,  the 

cxilting  within  the  Tobcjwfe  iehfts  mo«  the 
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enterance  of  rnc water  by  the  mouth  D,  flnce  therefore  that  force 
or  p  refill  re  ought  to  be  overcome  by  the  power  turning  the  Cy¬ 
linder,  as  often  as  the  mouth  D  draws  new  water,  it  appears 
fhe  fcrew  being  elevated  higher  is  moved  with  more 
cifnculty  :  Hence  you  may  be  falsified  that  his  falfe  that  feme 
lay,  that  water  therefore  afeends  eafier  by  a  fcrew  lefs  elevated, 
becaufe  the  way  and  acclivity  of  morion  is,  lefler,  as.  if  water 
in  aiccndmg  by  a  plane  more  deep, is  aifo  more  wearied, which 
is  tooli ill :  1  lence  alfo  it  is,  that  a  folid  Globe  is  elevated  almoA 
vvim^  equal  facility  through  the  Tube  or  the  fcrew,  whether 
die  Cylinder  be  more  or  lefs  inclin’d  •  for  in  this  cafe  each  rea- 
ion  a  fore  fa  id  ceafes,  and  the  fecond  reafon  ceafes  wholly,  fince 
in  each  circumvolution  of  the  Cylinder  a  new  Globe  is  not 
railed, but  that  only  which  is  moved  forward  in  the  Tube:  And 
the  firll  reafon  alio  hath  fcarce  any  room,  ir  we  fuppofe  the 
Cylinder  alone  not  to  gravitate  much  upon  the  Prop  or  fray 
on  which  the  ends  of  the  axis  .reft  upon*  .  * 

And  from  hence  it  appears  why  it  cannot  be  determined, 
how  much  the  inclination  of  the  Cylinder  ought  to  be  ele¬ 
vated  above  the  ‘Horizon  $  for  this  ought  10  be  coh/ider’d  not 
abfoiurely,  but  with  refpefit  to- many,  other  things,  and  chief-* 
lyto  thefe  three,  to  wit,  to  the  velocity  whereby  the  Cylinder 
is  turn  d  about  j  tor  if  it  be  turn’d  about  more  fwiftly  it  m ay 
be  more  elevated,  and  neverthelefs  the  water  will  afeend 
through  the  tube.  Secondly,  to  the  greater  or  lefTer  adhe¬ 
rence  of  the  water,  or  other  ijquor,  to  the  inward  fupeffeies 
of  the  fpiral  tube  ;  for  when  this  adherence  is  greater,  hhe 
waiter  doth  lefs  gravitate  upon  the  lower  mouth  of  the  Tube, 
and  bdldes  it  more  eafily  contains  the  Impetus  from  the  mo¬ 
tion  of  the  Tube  in  that  manner  which  is  fhe wn  a  little  before. 
Thirdly,  and  chiefly  to  the  obliquity  of  the  winding  compafc 
offhq  lube,  for  if  the  fpiral  or  winding  compares  be  thick- 
er  and  cioieh  together,  and  more  near  each  to  other,  the  Tube 
will  be  lepger,  and  therefore  the  Way  and  motion  of  the  wa¬ 
ter  longer  before  it  comes' to  the  upper  part  of  the  Tube,  but 
neverthelefs  by  reafon  of  the  greater  obliquity  of  the  fpiral, 
the  lower  water  gravitates,  lefs,  and  afcends  eafier,  and  there¬ 
fore  thg  Cylinder  may  be  raifed  higher  above  the  Horizon. 

.  According  to  the  variety,  therefore  of  thefe  circumftances  the 


>  .  According  to  the  variety  thereforL  r  me 

inc|inati§n;!pr  the  bcie w  may  be  varied  :  Nol'withfla tiding  ’tills4' 
miyerfal  precept  mufi  be  obferved,  to  wit,  that  the  Cylinder 
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A  C  be  never  elevated  above  C,  to  fucli  an  height,  that  the 
fpiral  of  the  Tube  D  E  or  I L  or  M  N  appear  parallel  to  the 
Horizon  AB  ,  for  the  point  of  the  Tube  D  ought  to  be  high¬ 
er  than  E,  and  the  point  I  higher  than  L,  and  fo  of  the  reft ; 
otherwife  the  water  being  in  part  of  the  Tube  D  E,  will  how 
out  at  the  mouth  D  before  it  be  moved  forward  any  further 

in  the  Tube. 

Fourthly,  from  what  is  faid,  that  quefhon  may  be  re- 
folved,  to  wit,  whether  or  no  ’tis  moft  convenient  to  have  one 
large  Tube  to  turn  round  with  the  Cylinder,  or  many  final! 
ones  ■  Father  Gvywber^T  affirms,  that  if  one  fpitat  2  uoe  cit- 
cumfcribe  the  whole  Cylinder,  fuch  a  fimple  fcrew  will  pour 
out  as  much  water,  as  if  there  wei c  many  Tubes,  anct  fame- 
what  more,  and  heallignes  this  reafon,  becauic  many  fpiiais 
of  a  Tube  by  reafon  of  their  thicknefs  which  they  muff  have 
ought  to  occupy  more  room  in  a  Cylinder  than  the  thicknefs 
of  one.  But  although  this  be  moft  true,  yet  our  queffion  is 
not  whether  more  water  maya.cendby  one  Tuoe  only  than 
by  more ;  for  example,  unlefs  three  Tubes  taken  together  are 
equal  to  one  other  larger  Tube,  tis  certain  that  greater  plenty 
of  water  may  afcend  by  that  one  larger  Tube;  but  the  queffion 
is  whether  or  no  fuppofing  that  thofe  three  Tubes,  be  exactly 
equal  to  the  Capacity  of  one  larger  Tube,  and  let  the  Cylinder 
be  capable,  that  is  fitted  either  to  the  three  myall  Tubes,  or 
to  'the  other  larger  one,  I  fay,  ’tis  to  be  consider  d,  whe¬ 
ther  to  make  ufe-of  the  one  large  one,  or  thofe  three  imaii 

And  to  this  Queffion  I  anfwer,  It  would  be  better  to  ufe 
three  fmall  Tubes  (  fothat  they  do  noygravitate  more  by  their 
weiaht  on  the  prop  fuftaining  the  Cylinder  )  than  one  larger; 
and°not  only  becaufe  (  as  we  have  faid  appears )  in  the  fore- 
laid  experiment )  that  they  raife  more  water ;  but  likewife 
becaufe  it  afcends  eafier,  and  with  lefs  ftrength  of  the  power 
moving  the  Engin.  The  reafon  is,  becaufe  although  the 
three  Bafes  of  the  Idler  Tubes  be  equal  to  one  Bafe  of.  the 
larger  Tube,  and  they  are  fuppofed  all  of  an  equal  height, 
neverthelefs  it  gravitates  or  prefles  lets  in  the  triple  bare,  or 
in  the  lower  mouth  of  thefmaller  Tubes,  than  the  water  gi a- 
vitates  in  one  bale  only,  or  in  the  mouth  of  the  laigei  1 
and  that  therefore  becaufe  although  the  Capacity  of  the  three 
Tubes  be  equal  to  the  Capacity  of  the  one  i  uoe,  nevertncieis 
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the  inward  fuperficies  of  the  three  Tubes  is  at  ieaft  doubly 
greater  the  inward  fuperficies  of  the  one  larger  Tube,  and  fince 
the  adherence  of  the.  water  is  greater  where  the  fuperficies  is 
greater  to  which  it  adheres,  and  fince  it  afeends  eafier  and; 
gravitates  lefs  upon  the  bafe  when  the  adherence  is  greater, 
it  appears  to  gravitate  lefs  on  the  bafes  of  the  three  Tubes,  and, 
in  them  the  water  afeends  more  eafily.  I  add  alfo,  that  the/ 
water  is  -  eafier  drawn  if  it  be  drawn  fucceffively  by  many 
Tubes  by  one  circumvolution  of  the  Cylinder,  than  if  the  whole 
be  drawn  with  one  turn  by  one  Tube. 

From  the  forefaid  greater  adherence- of  the  water  of  the 
fmaller  Tubes  it  comes  to  pafs  alfo,  that  although  the  Cylin¬ 
der  be  turn’d  about  with  let's  fwiftnefs,  yet  the  weigh r  of  the 
water  cannot  fo  eafi]y  overcome  that- adherence  and  fall  back 
again  downward,  as  happens  in  wider  Tubes,  which  unlefs 
they  are  moved  fwiftly  the  water  by  its  weight  eafily  goes  - 
back  more,. 

Hence  alfo  we  efteem  it  a  thing  not  altogether  impoflible  to 
to  make  a  ferew  with  fuch  artifice,  that  by  means  thereof  the 
perpetual  motion  may  be  obtain’d,  for  the  afeent  of  water  or 
of  other  heavy  bodies  Teems  eafieft  of  all  by  the  ferew. 

And  that  this  motion  may  be  rendered  yet  eafier,.  fome  in¬ 
genious  things  occur  to  my  mind  which  I  believe  may  be- 
made  ufe  of  with  fome  profit. 

The  firft  is,  when  you  put  one  or  rather  more  Tubes  about 
a  Cylinder,  within  each  of  which  you  may  put  cot  ten  thred, 
extended  from  one  end  to  the  other  ;  for  by  this  means  the 
adherence  of  the  water  increafes,  and  creeps  along  more 
eafily  through  the  Tubes,  although  the  quantity  be  lefs,  ail***- 
one  as  if  one  large  Tube  were  divided,  into  many  fmalL 


ones, 


Fig,  166.  The  Second  is,  fince  the  rubing  or  wearing  of  the: 
Poles  of  the  Axis  on  the  Prop  or  day  on  which  they  reft,  is  the. 
chief  impediment  of  all,  to  the  Circumvolution  of  the  Cylin¬ 
der,  and  fince  there  is  a  greater  rubing  and  refidance  on  the 
lower  Prop  A,  by  the  greater  gravitation  there  than  in  B,  the: 
rubing  may  be  hinder’d,  if  not  wholly,  at  lead  in  great  parr,, 
by  affixing  a  Wheel,  or  rather  a  Tymp me  CD,  to  the  lower 
part  E  of  the  Cylinder  A  B,  which  Tympane  mud:  be  hollowed-] 
within  or  void,  not  only  the  lower  part  D,  by  reafon  of  its 
light nefs  will  fwim  upon  the  water,  but  alfo  it  will.fudain  the 

Cylinder^ 


9 
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Cylinder,  lb  that  its  Pole  A  within  the  notch  of  the  Prot? 
may  be  turn’d  about  Without  any  refiftance.  1 

F!g.  1 6j.  The  third  is,  that  the  Cylinder  be  made  of  light 
■matter,  for  the  lighter  it  is  the  eafier  ’tis  turn’d}  wherefore 
it  will  be  lufficient  to  lit  the  Tubes  fo,  and  to  turn  them  about 
in  Spirals,  that  they  will  need  no  Cylinder  to  fuftain  them}  for 
it  will  be  lufficient  if  in  the  extream  heads  of  the  Tubes  you 
fit  two  little  Wheels  A  B,  C  D  with  their  Axes  fixed  in  the 
Centers.  For  unlefs  they  be  very  big  and  large,  and  the  Cy¬ 
linder  veiy  long,  they  cannot  ealily  be  bent  by  the  water 
or  by  their  proper  weight,  and  efpecially  if  they  are  made  of 
rough  matter,  vix,.  of  thin  Iron  plates  cover’d  over  with  Tin 
or  Glafs,  &c.  Or  if  yoit  fear  the  bending  of  the  Tubes,  you 
may  fit  here  and  there  in  Head  of  the  whole  Cylinder,  two 
or  three  rulers  extended  according  to  the  length  from  A  toC> 
and  from  B  to  D,  which  rules  or  Spears  fupport  the  Tubes' 
ieaft  they  bend  in  the  middle.  Likewife  you  may  fo  turn 
about  many  fmall  Tubes  fpirally,  one  immediately  near  to  a- 
nothei,  that  they  being  all  united  together,  make  one  whole 

Cylinder,  or  rather  a  Tube,  which  refembles  a  Cylinder  made 
hollow  within. 

Fourthly,  If  you  defire  to  raife  not  Water  but  a  folid  Globe 
by  a  Pulley,  you  need  not  make  ufe  of  a  Tube  }  two  iron 
wyers  turned  about  fpirally  parallel  to  each  other,  and  faftned 
to  the  extream  heads  in  the  Circumference  of  the  little  wheels 
A  B  and  C  D,  will  be  fit  for  that  purpofe }  and  thole  wv- 
ers  ought  to  be  fomewhat  lefs  difiant  from  one  another,  than 
.  the  thicknefs  or  diameter  of  the  Globe }  for  fo  the  Globe  will 
be  detain’d  within  each  wyer  always  in  the  lower  parts  of  the 

Ipirals,  and  will  afeend  by  degrees  by  thofe  fpirals  being  turn’d 
about. 

Fig.  1 68.  Alfo  it  may  be  made  of  two  thin  pla  tes  of  Mettal, 
or  of  one  only  made  hollow  after  the  manner  of  a  Channel  or 
Groove }  yea,  we  have  made  a  ferew  fit  to  take  up  a  leaden 
Globe  or  Bail  of  an  inch  Diameter,  of  thick  paper  or  paliboard 
turn’d  about  fpirally,  to  war,  the  Tube  of  them  which  ccm- 
pofe  a  Tellefcope  we  have  cut  fpirally,  fo  that  the  Globe  is  de¬ 
tain’d  within  the  fpiral  cleft,  and  will  afeend  bv  the  fame  rL  fr 
the  Tube  being  turn’d  about.  Moreover  one  'plate  of  rnettal 
only  may  be  turn’d  about  a  Cylinder  which  afeends  fpirailv 
and  flicks  out  every  where  above  the  fuperfieies  of  the  Cylinder’ 
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one  or  more  indies^ according  as  the  magnitude  of  the  Globe 
to  be  raifed  requires,  and  the  plate  muft  be  of  fuch  a  breadth, 
as  is  the  Diameter  of  the  Globe,  or  a  little  more,  and  eredted 
perpendicularly,  upon  the  fuperficies  of  the  Cylinder,  and  one 
of  its  fides  faftned  to  the  fame  Cylinder  3  then  the  Cylinder 
being  elevated  in  an  oblique,  fite  to  the  Horizon  -7  for  Exam¬ 
ple,  in  the  fite  A  B,  and  the  Axis  leaning  or  flaying  upon  its* 
prop,  the  hollow  plate,  of  mertal  D  C  is  fitted  under  the  Cylin¬ 
der,  which  remains  unmoveable  ih  the  fame  oblique  fite,  and 
then  being  diflant  a  little  from  the  fpiraf  plate,  fo  that  as  it 
were,  it  is  razed  by  the  fubjedted  channel  or  hollow  plate  be^ 
ing  turn’d  about.  Then  if  you  place  a .  Globe  on  this,  and 
turn  about  the  Cylinder,  the  fpiral  will  move  forward  the 
Globe  by  that  inclined  Channel  from  D  in.-E,.  and  from  E  to 
F,  &c. 

The  fame  power  or  ftrength  mufl  be  applied  here,  as  a 
fcrew  hath  to  raife  water,  or  another  body,  of  which  we  have 
-  fpoken  elfewhere  concerning  the  common  Screw;  for  as  you 
fee  the  motion  or  elevation  of  weight  by-  this  fcrew  of  Archie 
wedes ,  is  indeed  a  motion  by  an  inclined  plane,  where  thar 
univerfal  principle  always  takes  place,  that  the  increafe  of  force, 
is  taken  from  the  proportion  of  the  velocity  of  the  power  mo¬ 
ving,  to  the  velocity  of  the  weight  moved  ;  wherefore,  if  for: 
example,  as  in  the  prefent  figure  the  fpiral  being,  four  times 
turn’d  about,  the  Cylinder  be  12  feet,  and  the  Globe  afcend 
from  D  to  F,  in  the  plane  or  inclined  Channel  D  G  two  feet,, 
the  power  as  2  may  raife  the  weight  as  12. 

What  we  have  (aid  hitherto  concerning  a  Cylindric  fcrew, 
may  aifo  be  underftood  of  a  Conic  fcrew,  for  inflead  of  & 
Cylinder  we  may  ufe  a  Cone  to  which. the Tube  may  befpirally: 
turn’d  about,  as  is  commonly  known.  And  although  fome, 
prefer  a. Cone  before  a  Cylinder,  yet  we  fee  not  any  effect 
that  it  performs  better  3  therefore  finee  a  Cylindric  fcrew  is* 
eafier  prepared,  we  may  ufe  the  fame  moft  fafely,  and  perhaps? 
moft  profitably,  at  leaft  in  many  cafes. 

Many  other  things  occur  which  may  be  faid  concerning  this* 
Engin,  which  in  our  opinion  are  very  Ingenious,  for  writers 
have  fcarcely  fhewn  any  thing,  worthy  of  confideration  to> 
Pofterity  in  this  matter  although  it  be  very  capacious,  as  may 
be  eafily  underftood  from  thole  things  which  we  have  briefly 
Jfie.wn,  with  which  we  fhali  conclude}  this  ninth  and  iaflLBook. 

\  of 
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of  Mechanic^.  Powers.  Giving  all  honour  and  Praife 
tFiat  great  Matter  of  Arts,  and  Fountain  of  all  Wisdom,  the 
Omnipotent  God  Blefled  for  evermore. 


I  had  here  put  an  end  to  Mechanic k  Towers ,  but  meeting 
with  fome  new  inventions  relating  thereto,  lately  pubiifht  in 
France  by  an  able  Mathematician ,  which  if  put  in  practice  may 
be  ufeful  and  beneficial  in  Engins ;  I  thought  fit  to  add  them 
by  way  of  Appendix,  and  they  are  thefe  that  follow. 


Of  Epicycloids,  and  their  ufe  in  Mechanicks.. 


Definitions .  : 

FI?  lf¥  the  circle  ABD  be  rouled  or  turn  d  about  upon  the 
\L  1  arch  A  hi  of  any  Circle,  the  point  D  which  is  the 
I  extream  or  end  of  the  Diameter  A  D,  will  by  its  mo¬ 
tion  defcribe  the  Line  D  14,  15,  16,  17*/,  which  is 

called  an  Epicycloid .  .  .  .  c  .  _  . 

The  circle  A  B  D  is  called  the  generating  circle  or  the  Epi¬ 


cycloid,  r  r  11 

The  arch  A  h  d  is  the  Bafe  of  the  Epicycloid. 

If  the  generating  circle  roul  on  the  out  fide  of  the  circle  or 

the  Bafe/ the  Epicycloid  is  called  Exterior ,  or  Outer  :  But  if  the 

generating  circle  roul  on  the  infide  of  the  circle,,  the  Epicycloid^ 

is.  called  Interior ,  or  Inner.  _  .  . 

The  fpace  contain’d  by  tlie  Epicycloid ,  and  by  its  Bale,  is  cal¬ 
led  the  Jpace  of  the  Epicycloid* 
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The  Dimenfwn  of  the  Space  of  the  Epicycloid, 

'  ?  ■  .  .  *  1  . 

Lemma  i. 

Fig.  T  ET  the  Semicircle  be  A  P  />  B,  whofe  diameter  is  A  R 
j7o  JL/  and  its  centre  K  j  having  drawn  the  line  P  p  Para  1H 
to  A  tv  and  meeting  the  circle  in  the  points.  P  p,  from  anv 
point  C  of  the  diameter  A  B  drawn  longer,  draw'  the  lines  C  P 
^  Py  * 

nflt,  h  t^e,?Ira^bth?<riSht,lines  C  A,  C  P,  is  to  the  fom 
o  the  light  lines  CB,  C/),  as  the  difference  of  the  right  lines 
C  Cp  is  to  the  difference  of  the  right  lines  C  A,  CP:  or 

S'S’/  1S  -  w  fame  thing’  thcRectangle-made  of  the  ftnn 
of^the  Imp  O  A  CP  and  their  difference*  is  eqial  to  the 

different. madC  °  ^  f““  °f  theJines  CB>  Cp  and  their 


Lemma 


2, 


V. 


n  S  -  7  u  S r  ,c  Tnangle  C  A  V  if  the  right  lines  P  X,  p  G 
B  M  being  parallels  to  the  bafe  A  V,  cut  the  lideCA,  fo  ihat 
the  fum  of  C  A  and  C  P,  be  to  the  fum  of  C  p,  C  B,  as  the 

ofdie  firft B ^  ‘1C  Segmem  °f  thC  M’  iS  t0  the  ^iffere«ce  P  A 

I  fay,  that  the  Trapezias  M  p,  A  X  are  equal  between  them- 
laves. 


Lemma 


3 


i  i  >.  i.  <  i  -  - 

So  *7’-,  Let,the  Semicirclc  be  A  D  E B,  and  on  its  diame- 
ter  A  L  prolonged  or  nor  prolonged,  Jet  the  point  C  be  taken 

and  draw  any.  right  line  D  E  Parallel  to  the  diameter  A  B 
W'hich  meets  with  or  touches  the  circle  in  the  points  D  E  - 
From  the  Centre  C,  w;ith  the  Semidiameters  C  A  CD  C  E  ’ 
CB,  defcribe  the  arches  of  circles  A  P,  j.)  PG,  E  p  hr/ 

which  meet  with  any  rightline  as  CF  drawn  from  the  centre’ 
C,  m  the  points  F,  G,  H,  I. 

i  lay,  that  the  fourfided  mixt  figures  A  F  G  P,  p  H I  B  "re 
equal  between  rhemfelves.  ‘  ’  F  e 


Demon- 


i «* 
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Demonfir  ation,- 

Make  the  right  line  Af  equal  to  the  arch  A  F,  which  mull 
make  with  the  diameter  C  A,  the  right  angle  C  Af ;  having 
drawn  C  /,  draw  alfo  the  right  lines  P  gf.  p  h ,  B  i,  parallel  to 

A  £ 

vTis  evident  by  eonftru&ion  that  the  triangle  C  A/ is  equal 
to  the  Sefitor  C  A  F :  In  like  manner,  the  Triangle  G  P  g  is  equal 
to  the  feCtor  C  PG,  wherefore  if  from  the  equals  C  A  f,  G  A  F, 
you  take  away  the  equals  C  Pgy  C  P  G,  the  remain  will  be  equal, 
to  wit,  the  Trapezia  AP  gf  and  the  four  fided  mixt  figure 
APGF.  We  may  demonftrate  In  the  fame  manner  that  the 
Trapezia  p  h  i  B,  is  equal  to  the  mixt  figure  p  H 1  B. 

But  by  the  firft  Lemma  the  fum  of  the  right  lines  C  A,  CP, 
is  to  the  fum  of  the  right  lines  C  f  C  B,  as  the  difference  of 
G  />,  C  B  which  is  p  B,  is  to  the  difference  of  C  A,  C  P,  which 
is  A  P  j  wherefore  by  the  id.  Lemma  the  Trapezia  A  fg  p  will 
be  equal  to  the  Trapezia  phi  B,  and  the  mixt  figures  A  F  G  P, 
p  H I B  which  arc. equal. to  the  Trapezias  are  alfo  equal  between 
themfelves,. 

Lemma .  4.. 

Fig.  173.  If  the  circumference  of  the  Semicircle  A  B  D  be 
divided  into  equal  parts  between  themfelves  in  the  points 
EFGBH  I,  &c„  and  the  number  of  thefe  parts  be  even 
and  indefinite,  and  on  the  diameter  A  D  prolonged  or  not 
prolonged  you  draw  from  the  point  Y  as  a  centre  the  arches* 
of  a  circle,  whofe  radius’s  are  the  diftances  Y  A,  Y  E,  Y  F,  Y  G, 

*  &c,  and  let  the  length  of  the  arch  A  d  deferibed  by  the  point 
A  be  equal  to  the  circumference  of  the  Semicircle  A  B  D,  and 
let  the  Arch  A  d  be  divided  into  as  many  equal  parts  efg  h  as> 
is  in  the  Semicircle  A  B  D  :  Then  having  drawn  the  RadY  from 
the  centre  Y  to  the  divifions  efgbh ,  &c.  then  you  will  have1 
the  mixt  four  fided  figure  A  D  Xi  divided  into  an  indefinite 
number  of  little  mixt  four  fided  figures  which  will  have  the* 
following  properties. 

Becauie  the  equal  divifions  of  the  Semicircle  may  be  drawn* 
by  the  points  of  divifion  of  the  right  lines  KE,  IF,  H  G, 
which  will  be  parallel  to  the  diameter  D  A  of  the  circle  •; 
therefore  by  the  3d.  Lemma  the  four  fided  figures*  d  y  R£, 
X.x>  a  4,  will  be  equal  between  themfelves  being  equally  re- 


iS 4  Mechanic^  Powers'.  Book  X. 

moved  from  the  extreams:  Butalfo  thofe  which  are  contain’d 
between  the  fame  circles  will  be  equal  between  theinfelves 
becaufe  of  the  equal  divifions  of  the  arch  A  b  d-,  wherefore 
the  4  fided  figure  A  e  E  r  will  be  equal  to  the  4  fided  figure 
X  z,  a  4.  e 

We  may  demonftrate  in  the  fame  manner  that  the  4  fided 

figure  2  X  4  t  is  equal  to  the  4  fided  figure  d  3  f  k  or  A  e  18  a 
and  fo  of  the  reft. 

Tis  evident  in  each  Seftor,  as  Y  X  4  or  Y  ,1  k,  that  the 
four  fided  figures  are  equally  removed  from  the  extreams.  as 
2  X  and  3  «  are  alfo  equal  between  themfelves •  for  the  4  fided 
figures  X  x  and  d  u  are  equal,  the  4  fided  figures  X  t  and  d  s  are 
alfo  equal  by  the  foregoing  Lemma  :  Wherefore  if  the  p-reater 
be  taken  from  the  Idler,  the  remains  which  is  the  4°  fided 
figures  2  x  and  3  «  will  be  equal,  and  fo  of  the  reft. 

Lemma*  jr. 

The  fame  things  being  put  as  before  and  in  the  fame  figures 
if  draw  the  diagonal  line  DLMNO/  compounded  of 
211  indefinite  number  of  fmall  right  lines,  which  in  the  4  fided 
figure  A  DXri,  divides  in  two  diagonal  wife  ail  the  fmall  ± 
fided  figures,  which  are  in  the  diagonal  from  the  angle  D  even 
to  d,  as  appears  in  the  figure,  by  the  lines  D  L,  L  M  M  N 
N  O,  &c.  J  5  * 

I  lay,  that  the  4  fided  figure  A  JD  X  d  is  divided  in  two 
equally  by  the  diagonal  DOi,  9 

>  ’Tis  not  difficult  at  all  in  this  place,  to  grant  that  the  fmall  di¬ 
agonals  which  are  from  right  lines,  divide  in  two  equally  their  v 
particular  quadrilaters,  or  4  fided  figures,  and  that  the  differ¬ 
ence  which  is  between  the  true  divifion  and  this, is  not  found  con- 
iiderable,  and  feeing  we  may  always  find  a  lefs  magnitude  than 
any  given,  becaufe  that  the  quadrilaters  which  are'divided,  are 
fuppofed  indefinitely  (mall  as  is  commonly  accepted  in  the  ufe 
of  Indivifibles. 

9  ?  Now  by  that  which  is  demonfirared  in  the  precedent  Lemma 
tis  evident  that  the  Quadrilater  AL  is  equal  to  the  quadrilater 
X  R  j  In  like  manner  the  Quadrilater  e  M  is  equal  to  the  Qua¬ 
drilater  40j  the  Quadrilater/  N  equal  to  the  Quadrilater  -  P 
gndfo  of  the  reft,  ?  3 


Where- 
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Wherefore  all  the  like  Quadrilaters  together  on  One  fide 
of  the  Diagonal  DLMNOP,  &c.  will" be  equal  to  all  th 
Quadrilaters  on  the  other  fide.  But  the  line  DLNOP 
which  divides  diagonal  wile  all  the  fmall  Quadrilaters  which 
are  in  the  diagonal,  is  fuppofed  to  divide  alio  in  two  equally 
all  thofe  quadrilaters  5  therefore  this  diagonal,  which  may  be 
confider  d  as  a  crooked  line,  divides  equally  in  two  all  the  great 
Quadrilater  ADXi;  which  was  to  be  Demonllratcci 

Scholium . 

^  -  *  ■  1  *  •  O  *  •  •'  8  •  -  J  \  ..  .  '■  •  •}. 

If  we  fuppofe  that  the  point  Y  which  is  taken  on  the  dia¬ 
meter  A  D  is  infinitely  Iengthned  from  the  circle  A  B  D,  there 
may  be  right  lines  perpendicular  to  the  Diameter  A  D,  in 
slead  of  the  Arches  of  circles,  which  pals  through  the  points 
D  K  I  H  A,  of  which  A  d  is  one,;  which  is  put  equal  to  the 
circumference  of  the  Semicircle  A  B  D,  and  which  is  divided 
into  fo  many  equal  parts,  as  is  the  Circumference  ABD; 
and  laftly,  inftead  of  the  inixt  Quadrilaters,  or  4  fided  figures, 
as  thofe  before,  you  will  have  Parallelograms,  which  being 
equally  removed  from  the  Extreams,  will  be  equal  between 
themfelves,  and  thence  it  follows  likewife  that  the  diagonal 
which  divides  diagonal  wife  all  the  little  Parallelograms,  which 
are  from  one  angle  to  the  other,  will  divide  the  whole  great 
Parallelogram  into  two  equally. 

—  .  :  J  «  ’■  -  -  A  .  .  4  .  . 

Lemma  6 . 

4  it  '  ■  \  %.  h  •  $ 

Fig.  1/9.  The  fame  things  being  put  as  before,  if  you  make 
the  Semicircle  A  B  D  to  fet  forward,  fo  that  the  diameter  A  D 
be  placed  on  the  part  e  8  of  the  Radius  Y  8  e,  and  that  the 
point  A  agree  with  the  point  e-,  ’tis  evident  that  the  point  / 
of  the  diameter  will  agree,  or  be  in  the  point  L  of  the  Radius 
Ye-,  Moreover  if  we  make  it  to  pafs  even  to  the  Radius  X  f, 
and  that  the  point  A  fall  on  the  point/,  the  whole  diameter 
AD  will  agree  with  the  right  line  9,  the  point  m  of  the 
diameter  of  the  circle  A  D  B  will  agree  with  the  point  M,  and 
fo  of  the  reft  :  Whence  ’tis  evident,  that  all  the  points  of  the 
diameter  AD,  as  Dlmn ,  &c.  describe  the  diagonal  line 
D  L  M  N  d,  b 


M  m 


D  cm  on- 


^  r. 
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Demonftration. 

But  If  inftead  of  removing  the  circle  A  B  D,  we  concieve  it 
to  roul  on*  the  bafe  A  b  d'y  when  the  point  E  of  the  circle  is 
come  .to  €j  the  diameter  of  Che  circle  E  io,  will  be  joyned 
with  the  right  line  e  8,  for  by  the  Hypothecs  the  arches  A  E, 
A  e  are  equal  in  length ;  and  from  the  fame,  when  the  point  F 
is  come  to  f,  the  diameter  F  n  will  be  joyned  to  the  diameter 
/9,  and  fo  of  the  reft.  But  if  you  mark  the  diftances  A  /, 
Aw,  A  n,  on  every  diameter,  as  E  1 2,  F  13,  &c.  it  is  evident, 
that  while  the  circle  A  B  D  rouJs  on  the  bafe  A  b  d,  the  points 
Imny  pq  of  every  diameter  meet  one  another  in  the  diagonal 
line  DMNOPi:  For  when  the  point  A  of  the  circle  is 
come  toe,  the  point  ix  on  the  diameter  E  10  will  be  in  L, 
becaufe  that  the  diftances  10,  12,  D  /  are  equal  ;  and  by  the 
feme  reafon  the  point  1 3  will  be  in  M,  &c. 

But  moreover,  when  E  10  is  placed  on  e  8,  and  the  point  12* 
on  the  point  L,  the  point  D  of  the  circle  ABD  will  be  in  the 
point  14  on  the  arch  l  14  For  the  Semicircle  8,  14,  e  re¬ 
presents  the  Semicircle  E  D  10;  and  as  the  arch  10D  is  equaF 
to  the  arch  D  K  by  ConftruQion,  when  the  point  10  by  the. 
movement  of  the  circle  is  come  to  the  point  8,  the  point  D 
wift  of neceftity  be  on  the  point  14  in  the  arch  L IC  L  14  2, ;  fo 
that  the  portion  L  14  of  this  arch  will  be  equal  to  the  Portion, 
L  K  of  the  fame  arch  :  In  like  manner,. when  the  point  it  is 
come  to  the  point  9,  the  fame  point  D  will  be  on  the  point  15 
in  the  arch  m  l  M  15,  fo  that  the  arch  M  1 5  will  be  equal  to  the 
arch  m  /,  &c . 

P  RO  P OS.  L 


Fig.  tN.  the  precedent  Figures  *cis  demonftrated  that  the  fpace 
169.I  of  the  moiety,  or  half  of  the  Epicycloid,  A  bd  17, 16, 15, 
D,  is  equal  to  the  half  ofthe  Quadrilater  AMXD,  joined  to 
the  generating  femicircle  A  B  D. 

Fig.  173.  I  have  /hewn  before  that  the  line  D  M  O  Q J  di¬ 
vide?  the"  mixt  quadrilater  A  b  d  X  D  in  two  equally,  it  re¬ 
mains  then  to  demonftrate  that  the  fpace  D  L  O  QJ  jj,  i6v 
1 5,  D,  contained  by  the  line  D  M  O  Q J,  and  by  the  half  of 
the  Epicycloid D,  15/16,  17 9d>  is  equal  to  the  generating  feipi- 
cijcle  DBA. 


mt 


By  con  fi  r  u  61  ion,  the  whole  generating  femicircle  is  divided 
o'  mixt  Qaadriiaters,  as  ml  ri »,  .and  into  two  trilined,  or. 
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3  lined  figures  DKI,  r  E  A  :  But  alfo  the  fpace  D  M  O  QJ 
17,  1 6,  i  y,  1 4,  D,  is  divided  by  the  fame  circles  defcribed  from 
the  centre  Y,  into  fo  many  4  fided,  and  ;  fided  (  or  2  lined  ) 
figures,  as  are  in  the  generating  femicirde  j  fo  that  the  arches 
of  every  ciicle  contains  fo  much  in  the  generating  circle 
which  in  the  fpace  are  equal  between  themfelves,  as  the  arch 
M  \  $  ^  fpace  is  equal  to  the  arch  M  /  in  the  femicirde, 
which  is  evident  by  the  formation  of  the  Epicycloid :  Where- 
foie  tne  mixt  Quadrilarer,  asL  14  M  in  the  fpace  is  equal 
to  the  mixt  quadrilarer  LK  Im  in  the  femicirde,  for  they 
have  the  fame  bieadth,  and  are  inclofed  in  equal  arches  1  Bur 
each  of  thefe  Quadiilaters  equal  in  the  cirde  and  in  the  I  Dace 
being  confider  d  as  Indivisibles  of  the  one  and  the  other,  it 
will  follow  that  the  fpace  will  be  equal  to  the  femicirde,  which 
was  to  be  demonftrated. 


Scholium. 

Keeping  to  the  fame  Demon ftration,  if  we  fuppofe  that  the 
point  Y  is  infinitely  removed  from  the  bafe  Ad\  which  bafe 
is  a  right  line  in  this  cafe,  and  the  Quadrilarer  A  dX  D  is  a 
redangle,  which  is  then  equal  to  the  generating  femicirde 
A  B  D  taken  4  times,  as  appears  by  its  generation  :  Where- 
fore  the  fpace  A  hd  1 7,  ,  6,  1 5 ,  D,  will  be  equal  to  the  femi- 
cnde  A  BD,  taken  twice  together  with  the  fame  femicirde 
which  is  equal  to  a  femicirde  taken  3  times }  the  line  d  16  5 

in  this  cafe  is  called  Cycloid ,  or  Trcchoide ,  and  fometimes  a  little 
wheel. 


P  RO  P  OS.  II. 

THe  fpace  of  the  outer  Epicycloid  is  ro  its  generating  circle 
as  3  times  the  diameter  of  the  circle  which  is  the  bate* 
together  with  2  times  the  diameter  of  the  generating  circle  to 
the  diameter  of  the  circle  of  the  bafe.  8 

But  the  fpace  of  the  inner  Epicycloid  is  to  its  generating  cir¬ 
cle,  as  3  times  the  diameter  of'  the  circle  which  is  the  bafe. 
Ids  2  times  the  diameter  of  the  generating  circle,  to  the  dia¬ 
meter  of  the  circle,  which,  is  the  bafe. 
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Phe  Dimenfion  of  the  Hines  of 

Epicycloids. 

~  .  .  /  { "T  ">  j  *  f*  *  '  ,  '  J ’  ■  f'  '  |  ’  v 

0/  the  touching  of  Epicycloids. 

■Lemma  I. 

F/>.  174.T  ^t  ^1€  G*rGles  be  E  B  F,  F  H  which  touch  each* 
*  '  JL  other  outwardly  in  F.  Having  join’d  the  cen¬ 

tres  K  C  by  the  right  line  E  K  C  which  palfes  by  the  point  of 
contact,  or  touching  F  y  from  the  ext  tea  in  E  of  t  be  diameter 
F  E  draw  a  right  line  E  B,  prolonged  to  the  other  circle  in  H. 
I  Civ,  that  the  arch  F  H  is  greater  in  length  tiian  the  arch  PB, 

Lemma  x. 

Let  the  i  circles  be  EBF,  FBI,  which  touch  each  other  in  F, 
from  the  centre  K  of  one  of  the  circles  draw  the  line  K  B  I, 

meeting  them  both  in  B  and  in  I. 

I  fay,  that,  the  arch  F  FI  I  is  greater  in  length  than  the  arch  F  B 

P  R  0  P  0  S.  L 
Problem. 

To  find  the  point  of  Contact or  touchingof  the  outer  Epicycloid. 


y  y  r  jhg  outer  Epicycloid  be  G  H  M,  whole  bafe  is  the 
L  circle  G  A,  detciibed  from  the  centre  C.  And  ler  the 
generating  circle  IHAD  of  the  Epicycloid  be  placed  m  inch 
manner,  that  the  defcribing  point  H  be  on  the  Epicycloid  in 
that  point  in  which  the  touching  is  made  :  If  by  the  Centre . 
C  of  the  circle  of  the  bafe^and  by  the  centre  O  of  the  genera- 
ting  circle  you  draw  the  right  line  C  A  O  I,  and  by  the  ex- 
tream  I  of  the  diameter  A  I  you  draw  the  right  line  I  H  to 


jGx  POT!*} 

I  fay,  the  right  line*  I  H  touches  the  j Epicycloid  in  the 

point  PL  .  1 

Lemma  3 . 

&<r  i.7s:  Let  the  two  circles  be  F  A  E,  F  R  D  which  touch 
cadiother  in  P*  having  their  convexities  of  the  fame  ML  and 
£|iat  the  centre  C  of  the  circle  FRF)  be  out  of  the  diameter  F  l. 
4.}f  the  circle:  F  AE  ,  having  drawn  a  right  line  n  A  D  from 
the  ext  ream  or  end  E  of  the  diameter  F  L,  which  cuts  the  err- 
p  a  E  in  the  point  A,  and  the  circle  F  ii  D  in  the  point  LX 

*  Fay* 
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I  fay,  that  the  arch  F  R  D  is  more  in  length  than  the  arch  F  A, 

Lemma  4. 

Fig.  177.  Let  the  two  circles  be  F  S,  F  R  which  touch  in  F, 
and  that  have  the  convex  parts  of  the  fame  fide,  and  let  the 
centre  C  of  the  greater  be  on  the  diameter  of  theleffer  length- 
ned ;  if  you  draw  the  line  CRD  from  the  centre  C  which 
cuts  the  z  circles  in  R  and  D. 

I  fay,  that  the  arch  F  R  of  the  lefter  is  greater  in  length 
than  the  arch  F  D  of  the  greater. 

P  ROV  O  S.  II. 

To  find  the  touching  of  the  inner  Epicycloid, 

An  Advertifement . 

THere  are  three  kinds  of  inner  Epicycloids  •  the  firft  is  when 
the  Diameter  of  the  generating  circle  is  lefs  than  the  fe- 
midiameter  of  the  circle  which  is  in  the  bafe  j  the  fecond,  when 
his  equal  to  it  5  and  the  third,  when  his  greater  j  we  have  fhewn 
at  the  end  of  the  Dimenfion  of  Epicycloids,  that  is  among  the  in¬ 
terior  or  inner,  that  thofe  that  are  of  the  firft  and  third  kind  or 
fort,  are  the  fame  5  for  that  whofe  diameter  of  its  generating 
circle  is  lefs  than  the  femidiameter  of  the  circle  of  the  Bafe,  is 
the  fame  as  that  which  on  the  contrary,  the  Diameter  of  its 
generating  circle  is  greater  than  the  femidiameter  of  the  circle 
of  the  Bafe,  if  the  circle  of  the  bafe  is  the  fame,  and  that  the 
generating  circle  of  this  Lift,  have  its  diameter  equal  to  the  dif¬ 
ference  which  is  between  the  diameter  of  the  Bafe,  and  the  di¬ 
ameter  of  the  generating  circle  of  the  firft  3  wherefore  I  fhali 
foeak  only  here  of  thofe  Epicycloids 7  whofe  diameter  of  the  ge¬ 
nerating  circle,  is  lefs  than  the  femidiameter  of  the  circle  of 
the  bafe.  For  that  which  is  of  the  fecond  kind  of  inner  Epi¬ 
cycloids ,  his  a  right  line  equal  to  the  diameter  of  the  circle  of 
the  bafe. 

Fig .  178.  Let  the  inner  Epicycloid  be  M  FI,  whofe  bafe  Is 
the  circle  ABM,  and  its  centre  in  C,  and  let  the  generating 
circle  I  H  A  of  the  Epicycloid ,  be  fo  placed  on  the  bafe,  that 
the  point  defcribing  H  be  on  the  Epicycloid.  From  the  centre 
C  of  the  bafe  having  drawn  the  radius  C  A  to  the  point  touch¬ 
ing  A  of  the  generating  circle  wkh  the  Uafe,  which  pafTes  aL 
by  the  centre  of  the  circle.  I  fay?  1 
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I  fay, that  the  right  line  I  H  drawn  from  the  extream  I  of  the 
diameter  of  the  generating  circle  to  the  defcribing  point  H, 
will  touch  the  Epojdoid  in  the  fame  point  H.  P 


Lemma  5. 

.  &£•  *79-  Let  the  femicircle  be  STAR,  whofe  diameter 
is  S  R,  and  let  the  circumference  be  divided  into  any  number 
°  .  equal  pam  that  you  pieafe,  fo  they  be  even.  From  the 
points  of  Civilian  having  drawn  the  perpendiculars  to  the  dia¬ 
meter  S  R,  and  the  touchings  as  T  B  which  are  terminated  at 
the  neareit  perpendiculars  which  are  beneath. 

•  1  fa,y’  ihat  thf  (um  oF  the  touchants,  as  T  B,  without  coun- 
tmg  the  hrft  which  is  infinite  being  drawn  by  the  points,  and 
the  laft;  is  gieatei  than  the  circumference  of  the  lemicircle 
wirhout  counting  the  firft  and  the  laft  arches  of  Divifion. 

Lemma  6 . 


The  fame  things  being  put  as  in  the  precedent  Lemma,  k 
may  be  demonftrated,  that  the  divifions  of  the  circle  being  in¬ 
definitely  fmall,  the  fum  of  the  Touchants  cuting  as  thofe  be¬ 
fore,  without  having  regard  to  the  firft  and  laft,  differ  not  fen- 

fibly  from  the  circumference  of  the  circle,  leaving  out  the  firft 
and  laft  arch  of  Divifion.  ° 


Lemma  7. 


The  fame  things  being  as  before,  it  may  be  demonfrated 
that  the  fum  of  the  parts  as  A  B  which  are  cut  off  from  the 
perpendiculars  of  the  Diameter  of  the  circle,  between  the  cir¬ 
cumference  A  and  that  which  is  cut  olf  B  of  the  upper  rou- 

J!  *  •  1  •  9  ,  ^  may  be  found  lels  than  any 

fmall  quantity  which  may  be  propofed,  and  by  confequence 

die  circle  ^  ^  ^  ^  conildered  as  the  circumference  of 


Lemma  8. 


Fig.  i  So.  In  the  circle  D  H  B  whofe  centre  is  C 
louchant  D  A  in  terminating  in  the  Radius  C  B  A 


and  the 
length- 
ned  j 


\ 


Book  X.  Mechanic 4  P  owerr:  ■  27 1 

ned ;  having  divided  the  arch  D  B  in  two  equally  in  H,  and 
having  drawn  C  H  G  terminated  by  the  touchanc  D  A. 

I  fay,  that  the  double  of  the  touchant  D  G,  or  which  is  the 
fame  thing,  that  two  touchants  together  D  G,  HR,  touching 
in  the  points  D  and  H,  and  terminating  at  the  radiuffes  C  G, 
C  A,  are  greater  than  the  arch  DHB,  but  that  the  difference 
of  thefe  fame  touchants  from  the  arch  D  H  B  is  left  lefsthan  the 
half  of  the  difference  between  thetouchanr  D  A  and  the  fame 

arch  D  B.  ^ 

But  as  in  the  continual  Bifedlion  of  arches,  we  may  demon- 
ftrate  always  the  fame  thing,  it  follows,  that  we  may  find  a 
fum  of  touchants  terminated  at  the  Radij,  which  pall  through 
the  points  touching  the  next  following, 'which  will  differfrom 
the  circumference  of  the  femicircle  lefs  than  any  quantity 
propofed;  and  by  confequence  thefe  touchants  may  be  con- 
lidered  as.  the  arches  of  the  circle  in  a  divilion  indefinitely 
fmall. 

Lemma  9. 

The  fame  things  being  as  in  the  precedent,  I  lay,  that  the 
fum  of  the  portions  of  the  Radij  H  G,  B  R,  contain’d  between 
the  touchants  and  the  circle  is  iefs  than  the  moiety  or  half  of 
the  portion  B  A  of  the  Radius  contain’d  between  the  circle  and 
the  touchant  D  A ;  and  for  as  much  as  this  diminution  which' 
is  augmented  more  than  half,  will  be  always  by  the  continual 
bifedtion  of  Arches,  ’tis  evident  that  we  may  find  a  quantity 
which  will  be  the  difference  of  the  Radij  between  the  touchants 
and  the  circle,  which  will  be  lefs  than  any  fmall  quantity  pro- 
pofed  j  whence  it  follows, that  in  thedivifion  of  the  circle  into 
indefinite  fmall  parts,  the  meetings  of  the  touchants  with  the 
Radij  may  be  confidefd  as  if  they  were  on  the  circumference 
of  the  circle, 

JLemma  10* 

w 

’Tisfaid  in  the  6th.  Lemma ,  that  in  the  divifions  of  3  circle 
indefinitely  fmall,  the  portions  of  the  circumference  differ  not 
fenljbly  from  the  touchants,  being  leffen’d  by  the  method  pro- 
poled ,  and  that  thefe  touchants  may  be  taken  for  the  arches  of 
the  circle,  we  may  now  demotiff  rate  the  fame  thing  in  the  Epi¬ 
cycloids,  and  in  the  Cycloids. 


Limwm- 
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Lemma  1 1 . 

>rc  C)  .  +  •  *  ^  ...1  r  '  ;  ‘  .  f  ;»  * 

FV.  1 8-i.  The  femicircle  BOA  being  divided  into  parts 
indefinitely  fmali  as  D  F,  and  by  the  points  of  divilion  as  F, 
having  drawn  the  lines  M  F  Z  perpendicular  to  the  diameter 
A  B,  and  by  the  extream  B  of  the  diameter  A  B,  and  through 
all  thofe  points  of  divilion  as  D,  having  drawn  the  right  lines 
B  D  M  terminating  in  M  in  the  perpendiculars  M  F  the  near- 
eft  to  the  lowefh 

I  lay,  that  the  fum  of  all  the  portions,  as  D  M  of  the  lines 
R  D  M  in  the  femicircle,  is  equal  to  the  double  of  the  diame¬ 
ter  A  B. 

P  R  0  P  0  S.  III. 

ISav,  that  the  bignefs  of  the  crooked  line  of  the  outer  EpD 
cycloid’is  equal  to  the  right  line, which  hath  the  fame  rea- 
fon  or  proportion  to  the  diameter  of  the  generating  circle  ta¬ 
ken  4  times,  as  the  fum  of  the  diameters  of  the  two  circles,  to 
wit,  of  the  generating,  and  of  that  of  the  bafe,  to  the  diameter 
of  the  circle  of  the  bale. 

P  R  0  P  0  S.  IV. 

T He  crooked  line  of  the  inner  Epicycloid  is  equal  to  the 
right  line,  which  is  to  4  times  the  diameter  of  its  gene¬ 
rating  circle,  as  the  difference  of  the  diameters  of  the  circles 
of  the  bafe  and  of  the  Generatour,  to  the  diameter  of  the  cir~ 
-  cie  of  the  bafe. 

P  R  0  P  0  S.  V. 

Tig,  182.YN  the  firft  place,  I  fay,  that  when  the  Diameter 
JL  of  the  generating  circle  is  equal  to  the  dia¬ 
meter  of  the  circle  of  the  bafe,  the  Epicycloid  degenerates  into 
a  right  line  lince,  his  nothing  but  the  diameter  of  the  circle. 

Secondly,  If  the  diameter  A  B  of  the  generating  circle  of  the 
inner  Epicycloid,  is  greater  than  the  femidiameter  C  B  of  the 
circle  of  the  bafe,  but  lefs  than  the  whole  diameter  5  I  fay  ? 
that  the  inner  Epicycloid  is  the  fame  as  that  which  is  defer]- 

- |  v  bed 
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bed  by  the  circle  DEF,  whofe  diameter  D  E  is  the  difference 
between  the  diameter  A  B  of  the  generating  circle,  and  the 
diameter  G  B  of  the  circle  of  the  bafe,  and  the  diameter  D  E 
will  be  lefs  in  this  cafe  than  C  B,  we  may  find  the  bignefs  of 
this  Epicycloid  by  the  qok  Propojition. 

Thirdly ,  if  the  generating  circle  have  its  diameter  greater 
than  that  of  the  circle  of  the  bafe,  the  Epicycloid  which  will  be 
defcribed  by  the  generating  circle  will  be  an  outer  Epicycloid , 
which  will  be  the  fame  as  the  Exterior  which  will  be  de¬ 
fcribed  on  the  fame  bafe,  by  another  circle  whofe  diameter 
is  equal  to  the  difference  of  the  diameter  of  the  generating 
circle  and  of  that  of  the  bafe. 


-  Lemma  iz . 

What  is  faid  at  Lemma  n.  touching  the  likenefs  or  propor¬ 
tion  of  D-Qjo  D  M  towards  the  parts  of  the  bafe  of  the  Epicy¬ 
cloid,  will  be  the  fame  as  for  the  parts  above  the  point  D. 

This  Pnopof.  is  evident,  fince  we  may  make  the  triangles  alike 
with  the  parallel  lines  on  both  fides  the  point  D,  as  appears  in 

the  Figure.  • 

■  r; rq  sru  . ••  * 

Lemma  i  \ . 

•  s 

-r 

Fig .  <8;.  Let  the  Semicircle  be  A  M  C  I,  whofe  circumfe¬ 
rence  divide  into  parts  indefinitely  finall  as  Cl,\IX,  from  the 
points  of  divifion  G  I  X  having  drawn  the  perpendiculars  C  B, 
IE,  X  R  to  the  diameter  A  M,  and  the  Chords  A  C,  A  I,  A  X, 
which  meet  with  the  Perpendiculars  •  of  the  neared  divif  ons 
from  above  to  the  points  F  R. 

I  fay,  in  any  Segment  of  the  circle  which  you  pleafe,  that 
all  the  portions  together  of  the  Chords,  as  C  F,  I  R,  contain’d 
between  the  circumference  of  the  circle  and  the  upper  perpen¬ 
dicular,  are  equal  to  the  double  of  the  Chord  A  C^and  by  the 
fame  reafon  ali  the  portions  taken  together  in  the  (emicircle, 
are  equal  to  the  double  of  the  diameter,  which  is  alfo  the 
Chord  of  the  Semicircle.  -  ' 


Nn 
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P  R  O  P  O  S.  VI. 

Fig,  TN  the  Epicycloid  P  D ,  whofe  top  is  P,  and  any  arch  P  D 
184.  X  from  its  top,  the  generating  circle  B  D  A  being  put  fo 
that  the  defcribing  point  be  in  D,  and  that  the  diameter  A  K 
B  in  this  Pofition  tend  to  the  Centre  C  of  the  bafe. 

I  fay,  that  if  we  make  it,  as  C  A  the  radius  of  the  bafe,  is 
to  C  K  compofed  of  the  Radius  of  the  bafe  and  of  the  Radius  of 
the  generating  circle,  fo  the  double  of  the  Chord:  B  D  of  the 
arch  B  D  of  the  generating  circle  which  anfwers  to  the  arch 
P  D  of  the  Epicycloid ,  is  to  a  fourth  Proportional,  that  line; 
will  be  equal  to  the  arch  P  D  of  the  Epicycloid . 


Of  the  Mti-tim:  or  voiding  of  Epicycloids, of  the  Cycloid*. 

Lemma  ^ 


Fig,  T  ET  the  line  DTFB  be  always  crooked  on  the  fame 
185.  JL/  fide  about  which  apply  a*  flexible  line  j  if  we  open 
or  unfold  part  of  this  applied  line,  fo  that  its  part  A  B  bet  wen 
itsextream  A  and  the  curve  in  B  be  ftretchtoutj  then  by  con- 
fequence  it  will  be  a  (freight  line. 

I  fay,  that  the  right  line  A  B  touches  the  curve  or  crooked' 
in  the  point  B,  from  whence  it  begins  to  extend  it  felf. 

The  line  defcribed  by  the  end  A  of  the  flexible  line  which 
is  always  ftretcht  our  in  its  opening,  is  laid  to  be  defcribed  fay 
the  rouiing  of  the  curve.  DTFB, 

PROP  O  S.  L 


The  Line  defer  the  el  by  the  rouiing  of  an  Epicycloid,,  is  an 
Epicycloid. 

Fig.  T  El"  the  Epicycloid  be  B  D  L,  its  generating  circle  FD  E, 
its  centre  P,  and  whole  circular  bale  is  A  E  L  and- 
ihe  Centre  C,  the  top  of  the  Epicycloid  let  be  the  point  B. 

If  from  the  centre  C  and  the  Seroid iamerer  C  B  we  deferibe 
the  circle  B  F  M,  which  let  be  the  bafe  of  the  Epicycloid  B  G IC, 
whofe  generating  circle  will  beFGH,  which  has  for  its  dia¬ 
meter  Ei 


av-rer  P  H  Q-  Jj 


I,  which  maybe  determin'd  by  faying,  as  C  A 
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is  to  C  P,  fo  is  i  E  F  or  2  A  B,  to  a  fourth  proportional  E  H 
or  A I  j  and  having  taken  from  A  I  the  diameter  A  B  of  the 
generating  circle,  there  remains  B  I  or  F  H,  which  will  be 
the  diameter  fought. 

I  fay,  that  the  Epicycloid  B  G  K  is  defcribed  by  the  Roling 
of  the  Epicycloid  B  D  L.  By  conftruftion,  and  by  the  prece¬ 
dent  Proportions  of  the  dimeniion  of  the  lines  of  Epicycloids , 
it  appears  that  the  Curve  of  the  Semi  Epicycloid  B  D  L  is 
qual  to  the  right  line  A  I  or  L  K. 

Now  let  the  flexible  line  be  fined  about  the  Semi-epicycloid 
B  D  L,  of  which  the  portion  from  the  point  D  even  to  the  top 
B  will  be  extended  in  the  right  line  D  G ;  this  right  line  D  G, 
by  the  precedent  Lemma  touches  the  Epicycloid  in  the  point  D  ^ 
Wherefore  if  we  put  the  generating  circle  of  the  Epicycloid 
in  the  pofition  F  D  E,  or  the  deferibing  point  being  in  the  point 
D ;  it  is  certain  by  the  property  of  Touchants  of  Epicycloids  that 
the  right  line  D  G  touchant,  pafl'es  through  the  extream  F  of 
the  diameter  E  F,  in  the  pofition  F  D  E  of  the  generating 
circle. 

Having  prolonged  C  E  F  to  H  in  the  circle  I  H  K  concen- 
trique  in  the  circle  of  the  Bafe,  which  is  defcribed  on  the 
Semidiameter  C  I ;  on  F  H  for  a  diameter  deferibe  the  Semi¬ 
circle  F  g  H.  I  have  demonftrated  that  the  extream  G  of  the 
flexible  line  ftretcht  out  from  the  point  D,  will  be  on  the  circle 
F  g  H. 

If  the  point  G  is  not  On  the  circle  FgH,  and  the  right 
line  D  F  G  meet,  if  it  may  be  the  circle  F  g  H  in  any  pointy 
then  draw  becaufe  of  the  Semicircle  F  g  H,  the  angle 

F  g  H  is  right,  and  the  reftangled  Triangles  E  D  F,  F^H  will 
be  like,  becaufe  of  the  equal  angle  at  the  point  F.  Wherefore 
E  F  will  be  to  F  H,  as  F  D  to  Fg;  and  being  compounded,  E  F 
wili  be  to  E  F  more  F  H,  that  is  E  H,  as  D  F  to  D  F  more 
F g,  that  is  Dg;  and  by  doubling  the  Antecedents  2  E  F  or  2 
A  B,  they  wili  be  to  E  H  or  AT,  as  2  F  D  to  D  g. 

By  Fropof.  the  6th.  of  the  dimenfion  of  Epicycloids y  and  by 
conftru6tion  5  as  2  A  B  are  to  A  I,  fo  C  A  is  to  C  P  :  But  as 
C  A  is  to  CP,  fo  is  the  double  of  the  Chord  D  F  to  the 
bignefs  or  Magnitude  of  the  portion  D  B  ot  the  Epicycloid , 
which  portion  by  the  roling  is  equal  to  the  right  line  D  G  : 
Wherefore  by  equal  reafon  2  A  B  are  to  A  I,  as  2  D  F  are  to 
D  G.  But  I  come  to  demonftrate  that  2  A  B  are  to  A  I,  as  i 

N  n  z  F  D 
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F  D  are  to  D  g  *  then  2  D  F  are  toDG,  as  2  F  D  are  to  D  gy 
and  by  copfeque'nt  D  G  will  be  equal  to  D g :  then  the  point  y 
of  meeting  of  the  right  line  DFG,  and  of  the  circle  F  g  H;will 
be  the  extream  G  of  that  line. 

It  remains  now  to  demon  ft  rate  that  the  point  G  is  in  the 
Epicycloid  B  K,  whtofe  generating  circle  is  F  G  H.  By  con- 
ftru&ion  C  A,  is  to  CP,  as  2  A  B  are  to  A  Ij  'by  dividing, 
C  A  is  to  C  P  lets  C  A  that  is  A  P,  as  2  A  B  to  A  I  lefs  2  A  B ; 
but  by  doubling  the  Confequents,  CA  is  to  2  A  P  which  is. 
equal  to  A  B,  as  to  2  A  B  to  2  A  I  lefs  4  A  B  •  and  by  com¬ 
pounding,  C  A  is  to  C  A  more  A  B  that  is  C  B,  as  2  A  B  to 
2  A  I  lefs  4  A  B  more  2  A  B,  that  is  2  A I  lefs  2  A  B,  or  only 
2  B  I,  as  it  appears  in  the  figure. 

But  in  taking  the  half  of  the  Terms  of  the  laft  proportion 
C  A  is  to  C  B,  as  A  B  to  B  I :  But  alfo  as  C  A  is  to  C  B,  fo  is 
the  length  of  the  arch  A  E  to  the  length  of  the  arch  B  F. 

Now  by  the  generation  of  the  Efickloid  BDL,  the  arch  of  the 
bafe  AE  is  equal  in  length  to  the  arch  of  the  generating  circle 
F  D  3  but  becaufe  that  the  two  circles  F  D  E  FGH  touch  each  a~ 
ther  in  F,  the  line  DFG  cuts  the  two  arches  alike  F  D,  F  G,whofe 
lengths  keep  between  themfelves  the  fame  ratio  or  proportion  as 
thofe  of  the  Chords  FD,  F  G,  or  thofe  of  the  diameters  F  E,  FH : 
Then  the  arch  F  D  is  to  the  arch  F  G,  as  F  E  to  F  H  5  or  as  A  B 
to  B  I,  which  is  alfo  as  G  A  to  C  B,  or  as  the  arch  A  E  to  the 
arch  B  F:  But  the  arch  A  E  is.  equal  to  the  arch  F  D;  then  the 
arch  B  F  is  equal  to  the  arch  'F  G  of  the  circle  F  G  H,  and  by 
-confequence  the  point  G  is  that  which  defcribes  the  Epicycloid 
BGK;  which  was  to  be  demon ftrated, 

'  r  *  ■.«  •  ^ 

For  the  inner  Epicycloids  we  may  demon  ft  rate  the  fame 
thing,  only  changing  the  form  of  the  proportion:  And  for 
the  Cycloid  rtis  eafy  to  behold  by  the  fame  demon ftration,  that 
the  line  which  is  defcribed  by  its  ruling,  is  the  Cycloid  equal  to. 
that  which  is  roled. 

Corollary  if 

•  -  .  -  / 

\  t. 

f  ‘  V  ;  ,  n  .  * 

Hence  it  follows  alfo  by  Hypothecs  that  the  4 lines  C  A,  C  B 
C  I  are  continual  proportionals :  For  C  A  is  to  C  P  as  two  A  B 
to  A  I,  in  dividing  and  doubling  the  Confequents,  C  A  will 
be  to  2  C  P  lefs  2  C  A,  as  2  A  B  to  2  A  1  lefs  4  A  B:  But  2 
C  P  lefs  2  C  A  are  equal  to  2  A  P  or  to  A  B  3  and  as  2  A  B  to 
2  A  I  lefs  4  A  B;  fo  A  B  to  A I  lefs  2  A  B;  wherefore  C  A  is 
:  •  to- 
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to  A  B  as  A  B  to  A  I  left  iAB:  But  in  compounding,  C  A  is  to 
C  A  more  A  B  which  is  equal  to  C  B,  as  A  B  to  A  B  more 
A  I  lefs  2  A  B,  which  is  equal  to  B  I ;  and  by  Altern  propor¬ 
tion  C  A  is  to  AB,  as  C  B  to  B  I ;  Mly,  being  Compounded 
C  A  is  to  C  A  more  A  B  which  is  equal  to  C  b,  as  C  B  to  C  B 
more  B I  which  is  equal  to  C  I. 

Corollary  2. 

- 

’Tis  evident  as  yet  that  the  line  which  is  defcribed  by  the 
roling  of  a  circle,  is  the  laft  of  all  the  outer  Epicycloids,  that  is 
to  fay,  that  whofe  centre  of  the  generating  circle  is  at  an 
infinite  difiance  -y  or  that  which  is  defcribed  by  the  end  of  a 
right  line  which  roles  about  a  circle  in  the  Touchant,  which 
doth  agree  with  the  roling  of  the  circle. 

*Tis  eafy  to  demonfirate  that  the  fuperficies  of  the  figure  of 
this  kind  of  Epicycloid ,  when  the  defcribing  line  runs  over  the 
whole  circle  of  the  bafe,  or  that  it  comes  again  to  the  fame 
thing  ;  The  figure  defcribed  by  the  roling  of  the  whole  circle, 
without  comprehending  the  circle  which  makes  the  roling, 
is  equal  to  one  third  of  the  circle  ,  which  hath  for  Radius  the 
.circumference  of  the  circle  of  which  the  roling  is  made. 
What  I  fay  of  the  whole  circle,  the  fame  is  intended  of  every 
part  of  this  Figure.  For  the  figure  defcribed  by  the  roling  of 
any  arch  of  a  circle,  without  comprehending  any  thing  of 
that  circle,  is  equal  to  ~  of  the  Sedtor  of  a  circle,  which  has 
for  Radius  the  circumference  of  that  arch,  ar.d  of  which  the 
arch  is  like  to  that  of  which  the  roling  is  madej  It  will  \)q  alfo 
.  the  fame  thing  for  the  roling  of  a  greater  arch,  and  of  the 
whole  circle.  For  that  which  is  the  crooked  line  of  this 
Epicycloid ,  or  of  that  which  is  defcribed  by  the  roling  of  an 
whole  circle  or  of  any  arch,  which  fhall  be  always  equal  to 
half  of  the  circumference  of  the  circle  or  of  the  arch  of  which 
we  take  f  of  the  fuperficie,  for  the  fuperficie  of  the  Figure  de¬ 
fcribed  by  the  roling.  f 

P  R  0  P  0  S.  I.  •  r: 

Of  the  ufe  or  advantage  oj  Epicycloids  in  Mechamcks, 

Fig.  T  E  T  the  right  line  A  D  be  a  determined  length,  and 
foy.Lt  movable  on  a  Plane  about  its  extream  A  5  and  on  the 
lame  plane  let  there  be  another  right  line  C  B,  indeterminate 

towards. 
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towards  B,  and  movable  on  the  plane  about  its  extream  C:  if 
the  Extream  D  of  the  line  A  D  is  led  into  E  and  R,  by  the  line 
C  B}  which  moves  it  felf  on  the  point  C. 

I  fay,  that  if  the  lines  A  D,  G  B,  be  placed  on  the  line  C  A 
which  joins  the  Centers  of  movement,  and  the  points  D  and 
B  be  put  one  upon  another,  there  will  be  two  powers  equal 
between  themfelves,  which  willadt  with  all  their  force  on  their 
lines  in  the  points  D  and  B,  that  is  to  fay,  (  with  direction  at 
right  angles  )  thefe  powers  will  be  in  Eyuilibrio ;  but  if  the  lines 
change  their  polition,  as  A  D  into  A  E,  and  C  B  into  C  B  F, 
the  Powers  equal  to  X  being  applied  always  in  the  fame  man¬ 
ner  to  their  lines,  and  to  the  fame  places,  they  will  be  no  more 
in  Equilibria,  but  to  make  them  in  Equ'dibrioy  we  mull  have 
another  power  If  greater  than  X  applied  in  B,  on  C  E,  and 
this  Power  Y  ought  to  be  fo  much  greater,  as  the  line  C  B  E  is 
removed  from  C  A. 

From  the  centre  C  and  Semidiameter  C  D  or  C  B,  having 
defcribed  the  circle  BB,  his  evident  that  C  E  is  greater  than 
C  B.  But  from  the  point  E  having  drawn  E  G  perpendicular 
to  A  E,  and  E  F  M  perpendicular  to  C  E,  and  by  the  point  A 
having  alfo  drawn  HAM  parallel  to  C  E,  if  from  any  point  F 
of  the  line  E  F  we  draw  the  line  F  G  parallel  to  C  E,  the  two 
triangles  F  EG,  M  E  A  will  be  alike,  for  they  are  redtangled, 
and  their  angles  in  the  point  E  are  equally  together  to  a  right 
angle,  becaufe  of  the  right  angle  AEG. 

If  we  fuppofe  now  the  part  E  F  indefinitely  Email,  his  evi¬ 
dent  that  the  line  C  E  cannot  be  moved  from  E  to  F  about 
the  point  C,  without  caufing  A  E  to  move  to  G  about  the 
point  A.  But  It  follows  from  the  Laws  of  Mechan'icks,  that  to 
make  an  Equilibrio  between  the  power  X  applied  to  the  ex¬ 
tream  or  end  E  of  the  leaver  A  E,  which  moves  according  as 
the  line  E  G,  and  between  the  power  Z  applied  to  the  end  E 
of  the  leaver  C  E,  which  moves  according  to  the  lineEF;  it 
is  necelfary  that  X  be  to  Z  as  E  F  to  E  G,  that  is  to  fay,  as 
AM  to  AE:  In  fine,  if  we  fuppofe  the  power  Y  applied  to  B 
on  the  leaver  C  E  in  the  point  B,  his  evident,  that  to  make  an 
Efdlibrio  between  Z  and  Y,  it  is  necelfary  that  Z  be  to  Y,  as 
C  B  to  C  E  :  It  follows  therefore,  that  for  to  make  an  Eejuili- 
brio  between  X  applied  to  E  on  the  end  of  the  leaver  AE,  and 
Y  applied  in  B  on  the  leaver  C  E,  It  muft  be  that  X  mull  be 
to  Y  in  the  compound  proportion,  of  A  M  to  A  E,and  of  C  B 

to 
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to  C  E,  which  is  the  fame  as  that  of  the  red  angle  A  M,  C  B, 
to  the  re&angle  A  E,  C  E.  But  in  the  redtangle  triangle 
A  M  E-,  the  fide  A  M  will  be  always  leffer  than  the  Hy pore* 
nufe  A  E  j  and  by  conftru&ion  C  B  will  be  alfo  always  idler 
than  G  E,  whence  it  follows,  that  the  power  Y  will  always 
be  greater  than  the  power  X,  and  that  the  more  the  lines 
C  E,  A  E  are  removed  from  the  line  A  C  which  joins  the  cen¬ 
tres  of  the  movement,  the  more  the  power  Y  ought  to  be 
greater  for  to  make  Equilibrium  with  the  power  X. 

Fig .  187.  We  may  likewife  demonftrare  the  fame  thing  af¬ 
ter  another'  manner,  in  keeping  to  the  common  principle  of 
the  ballance,  or  leaver.  For  if  on  M  A  iengthned,  we  take 
A  H  equal  to  A  E,  and  confider  C  E  and  M  A  H  as  two  hori¬ 
zontal  Leavers,  the  points  of  whofe  props  are  in  C  and  in  A, 
and  that  the  end  E  of  the  leaver  C  E  have  a  weight  called  Z, 
this  weight  will  have  the  fame  endeavour  on  the  point  E  of 
the  elbow  leaver  HAE,  as  on  the  point  M  of  the  right  lea¬ 
ver  or  ballance  HAM.  For  ’tis  evident,  that  the  weight  X 
in  the  point  H,  will  be  to  the  weight  Z,  as  AM  to  A  H,  or 
A  E  its  equal.  But  now  if  inflead  of  the  weight  2  applied  in 
E  on  the  end  of  C  E,  w^e  fubftitute  a  weight  Y  applied  to  the 
point  B  of  the  fame  leaver  C  E,  for  to  make  the  fame  endea¬ 
vour  as  Z  in  E,  it  will  be,  that  Y  will  be  to  Z,  as  C  E  to  C  BY 
Then  the  weight  X  will  be  to  the  weight  Y  for  to  make  an 
Equilibrium  in  the  compounded  proportion  of  A  M  to  A  E,  and 
of  C  B  toCE,  as  before, whence  follows  what  was  propofed. 


Corollary .  - 

It;  follows  from  this  demonftration  that  a  power  applied  in 
B  to  the  end  of  the  Leaver  CB,  will  not  aft  equally  a- 
gainft  another  power  applied  in  D  to  the  end  of  the  line  A  D 
in  the  meeting  of  its  extream  D,  when  thefe  lines  are  different¬ 
ly  pofited  ,  their  powers  will  always  be  applied  in  the  fame 
points  of  their  lines  CB,  A  D,  and  they  will  aft  perpendicu¬ 
larly  3  But  then  one  muft  be  fo  much  greater  as  the  line  C  His 
more  removed  from  C  A. 

If  you  intend  the  contrary,  the  power  which  a£Is  muft  be 
applied  to  the  end  D  of  the  line  A  D }  for  this  force  or  power 
ought  to  be  lets  when  the  line  A  D  Is  more  removed  from 
A  C,  than  when  his  nearer. 
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Fig.  *87,'HpHe  fame  things  being  pur  as  in  the  precedent 

18B.  JL  I  fay,  that  if  on  the  circumference  of  the  cir¬ 
cle  B  B  as  a  bafe,  we  defcribe  die  Epicycloid  B  H,  whole  gene¬ 
ral  ing  circle  is  D  E  R,and  Radius  the  line  A  D,  the  crooked  line 
of  this  Epicycloid  being  join'd  to  the  Radius  C  D  of  the  bale, 
and  not  making  with  it  the  fame  mixt  line,  as  vi  the  poficiori' 
where  it  was  defcribed,  in  any  place  which  C  B  is  placed  out 
of  C  A  j  and  the  end  D  of  the  line  A  D,  being  put  oh  the  E~ 
picycloid  in  E,  the  powder  Z  which  is  applied  in  E?  at  the  end 
of  A  E,  as  ’ris  in  the  precedent  propofinon,  will  be  in  Equi- 
li brio  with  the  fame  power  Z,  which  is  applied  in  B  to  the 
end  B  of  the  line  C  B,?  and  which  a6ts  on  the  point  E  by 
means  of  the  curve  of  the  Eyicycloid  B  E. 

%♦  1 8:8.  ’  Fis  eafy  to  fee  in  this  figure  by  the  forming  of 

the  Epicycloid,  that  in  any  pofition,  which  the  line  CD  is 
in,  which  is  joined  to  the  Epicycloid,  the  Arches  B  B  will  be 
always  equal  in  length  to  the  arches  D  E  of  the  circle  D  E  R  • 
wherefore  let  C  B  be  in  any  place,  and  the  power  applied  in 
B  cannot  move  it  felf  through  one  arch  B  B,  without1  movin? 
the  other  force  applied  in  E  on  the  end  of  the  leaver  A  E,  by 
an  arch  E  E  equal  in  length  to  the  arch  B  B  ,  whence  it  follows, 
that  the  powers  being  equal  they  will  remain  in  Equilibria  ■ • 
-which  was  to  be  demonftrated. 

Pig-  l&9-  may  alfo  make  this  Demonftration  as  in  the 
precedent  propofition  ->  and  we  (hall  find  that  the  fame  me¬ 
thod  which  is  managed  in  the  inequality  of  powers,  will  lead 
us  here  to  equality  by  compounded  Reafon:  For  if  we  fup- 
pofe  that  the  end  E  of  the  leaver  A  E  hath  the  power  X  A 
which  a 61s  according  as  E  G  perpendicular  to  A  E,  and  that 
in  the  point  E  at  the  end  of  C  E,  there  be  a  power  V  which  26I3 
according  as  E  F  perpendicular  to  C  E;  ’ds  evident  by  the 
nature  of  the  Epicycloid,  that  the  line  N  E  drawn  by  the  end 
N  of  the  diameter  DAN  to  the  point  E,  will  touch  the  Epi¬ 
cycloid  in  that  point  ■;  and  that  as  when  the  point  E  of  the  end 
of  the  leaver  G  H  fhall  have  run  over  a  (pace  E  F  indefinitely 
fthall,  the  fame  point  E  of  the  end  of  the  leaver  A  E  will  be 
come  to  G,  w  here  the  line  F  G,  parallel  to  E  N,  meets  E  G 
perpendicular  to  A  E;  for  the  (mall  portion  F  G  of  the  Touch- 
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§nt  H  N  may  be  confidered  as  the  fame  curve’  But  having 
drawn  F  C  which  meets  the  circle  B  B  in  L,  the  arch  S  L  of 
the  circle  B  B  between  C  E  and  C  F,  will  be  equal  in  length 
to  E  G  by  the  nature  of  the  Epicycloid  ;  for  when  the  point 
E  of  the  Epicycloid  fhall  be  come  to  G,  the  beginning  of  the 
Epicycloid  B  on  the  circumference  of  the  circle  B  B  will  be¬ 
come  to  O;  fo  that  the  arch  B  O  will  be  equal  to  5  L. 

The  Power  X  runs  over  then  the  fpace  E  G,  when  the  pow¬ 
er  V  runs  over  E  F,  and  for  to  make  an  Equilibrium  between 
thefe  two  powers,  it  muft  be,  that  Z  muft  be  to  V,  as  E  F  to 
E  G,  that  is  to  fay,  in  reciprocal  reafon  of  the  fpaces  run  over. 
But  laftly,  if  wefuppofe  the  power  Y  in  the  point  S,  or  in  the 
point  B,  on  the  circumference  of  the  circle  B  B,  and  that  it  makes 
Equilibrium  with  the  power  V,  it  will  come  to  pafs  that  V 
will  be  to  Y,  as  C  B  to  C  E  ;  then  the  power  X  will  be  to  the 
power  Y,  in  the  compound  reafon  of  E  F  to  E  G,  which  is  the 
fame  as  E  F  to  S  L,  or  that  of  C  E  to  C  S  or  C  B,  and  of  C  B  to 
C  E.  But  this  compounded  reafon  is  a  reafon  of  Equality,  where¬ 
fore  the  powers  X  and  Y  ought  to  be  equal  for  to  make  Equi¬ 
librium  between  themfelves,  being  applied,  as  we  fuppofe, 
which  was  to  be  demonftated. 

Corollary . 

That  which  I  come  to  demonftrate  of  the  Epicycloid  de- 
feribed  on  the  circle  B  B,  for  its  bafe  and  for  its  generating  cir¬ 
cle  D  E,  whofe  Radius  is  A  D,  the  meaning  is  the  fame,  if  the 
Epicycloid  be  deferibed  on  the  circle  D  b  for  the  bafe,  and 
that  the  generating  circle  be  the  circle  B  B,  and  its  Radius  C 
B ;  for  the  movement  or  motion  will  be  always  equal  from 
one  fide  or  tother. 

?  R  0  P  0  S.  III. 

How  to  make  the  J plication  oj  motion  equal  to  Ennnr . 

Fig .  190.T  Et  there  be  a  circle  B  O  L  whofe  centre  is  C, 

1  j  and  another  circle  D  E  F  whofe  centre  is  A  : 
On  the  circle  B  O  L,  as  a  bafe,  and  for  a  genenerating  circle 
D  E  F,  deferibe  the  Epicycloid  B  V  H,  and  divide  the  circum¬ 
ference  of  the  circle  B  O  L  into  any  number  of  parts,  as  here 
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into  eight  in  the  points  BKL,  &c.  and  to  each  of  thefe  point#: 
apply  a  portion  of  the  Epicycloid  BVH,  in  K  I,  L  M,  whicfe 
will  he  the  fame  as  if  the  Epicycloid  had  been  defcdbed,  be- 
ginning  in  the  points  K  L„  &c. 

We  may  likewife  take  as  great  a  portion  of  the  Epicycloid^ 
as  we  pleafe.as  B  V  H,  and  by  this  means  make  the  divifions  of 
the  circle  lelfer  or  fewer.  The  figure  B  V  H  G  may  be  the*  tooth 
of  a  wheel  which  may  be  Emitted  by  the  right  line  H  G,  which 
tends  to  the  centre  C  of  the  circle,-  or  by  any  other  line  as  you 
pleafe,  which  is  indifferent,  fince  this  part  of  the  tooth  doth  not 
caufe  any  eifedf.  We  may  alfo  hew  a  little  the  fpace  between 
two  teeth,  as  D  N  O,  to  give  the  more  liberty  to  the  meeting 
of  the  parts  of  the  other  wheel  D  E  F, 

We  may  then  form  a  wheel  on  the  model  of  a  circle  with: 
its  teeth,  and  make  it  move  on  the  centre  C. 

Now  if  we  apply  another  wheel  to  the  hinder  part  of  it, 
whofe  centre  is  in  the  point  A  in  the  Horizontal  line  A  C,  and 
that  inftead  of  teeth,  on  the  circumference  D  E  F,  we  apply 
only  in  this  example  the  pegs  or  pins  of  wood  D  E  F,  &c , 
which  we  fuppofe  indefinitely  Email-  and  perpendicular  to  the 
plane  of  the  wheel ;  ’Tis  certain  by  the  precedent  propofitionr 
that  in  any  pofition  that  we  place  the  wheel  B  O  L  whofe  teeth 
meet  the  pins  of  the  other  wheel  D  E  F,  they  will  be  in  Equi¬ 
librio,  if  the  moving  forces  applied  to  the  Circumferences  of 
the  two  wheels  be  equal  between  themfeives. 

Let  then  for  this  effefl  a  weight  Q^be  hung  from  the  cir¬ 
cumference  of  the  wheel  B  O  L,  equal  to  the  weight  R,  hung 
and  applied  to  the  circumference  of  the  wheel  D  E  ;  thefe  two 
weights  will  then  abide  always,  in  Equilibrio  in  any  manner  • 
that  the  teeth  of  the  wheel  B  O  L  meet  the  pins  of  the  wheel 
D  E  F. 

But  if  we  apply  a.  weight  P  to  the  circumference  of  another 
wheel  S  T,  which  hath  its  centre  common  with  that  of  the 
wheel  B  O  L,  and  which  is  fli  fined  with  it,  this  weight  P  will, 
be  to  the  weight  as  C  B  to  C  S,  the  weight  P  will  be  (till, 
in  Equilibrio  with  the  weight  R,  in  all  the  different  meetings, 
of  the  two  wheels;  for  the  weight  P  making  Equilibrium 
with  the  weight  Qfe  it  will  alfo  be  in  Equilibrio  with  the. 
weight  R* 
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THings  being  difpofed  as  in  the  precedent,  1  fa y,  it  mat¬ 
ters  not  whether  the  divifions  of  the  wheel  B  K  L  be  c~ 
qual  between  themfelves,  that  is  to  fay,  that  the  teeth  be  e- 
qually  diftant  one  to  another,  nor  the  pegs  D  E  F  on  the  cir¬ 
cumference  of  their  wheel. 

It  matters  not  whether  it  have  one  or  more  teeth  of  the 
wheel  B  K  L,  which  a 61  all  together  on  the  pins  of  the  wheel 
D  E  F,  for  there  will  be  no  more  but  the  fame  force  which 
will  be  applied  againft  that  of  the  wheel  D  E  F.  If  it  have 
but  one,  as  B  V  H,  all  the  force  of  the  weight  P,  will  a6t  againft 
that  of  the  weight  R,  in  meeting  with  the  peg  D. 

Fig.  190.  If  you  would  have  two  together,  as  B  V  H  and 
K  I,  of  which  the  firft  afts  on  the  peg  D,  and  the  other  on 
the  peg  E,  ’tis  evident  by  the  conftrudtion  of  thefe  teeth, that  K I 
will  have  as  much  force  or  power  on  the  peg  E  againft  the 
weight  R,  as  B  V  H  on  the  peg  D  againft  the  fame  weight  R 3 
and  by  confequence  the  force  of  the  weight  P  diftributes  it 
felf  equally  to  thefe  two  teeth,  each  of  which  counter- ballan* 
ces  the  moiety  of  the  weight  R  :  It  will  be  the  fame  thing, 
if  you  have  three  or  more  which  a i\  all  together. 

Thus  it  matters  not  if  you  have  one  or  more  teeth  which 
work  all  together,  and  his  indifferent  what  part  of  the  tooth 
meets  the  peg  againft  which  it  adds,  fince  it  will  have  always 
the  fame  force  3  which  was  to  be  demonftrated* 


PROP  OS.  V. 

THe  Engin  being  difpofed,  as  before,  for  to  make  an  Equi¬ 
librium,  between  the  two  weights  P  and  R  3  I  fay,  that 
if  you  augment  the  moving  force  of  the  wheel  B  K  L  3  or, 
which  is  the  fame  thing,  if  you  add  feme  weight  Z  to  the 
weight  P,  this  force,  or  this  new  weight  will  a £t  equally  in 
all  the  different  encountrings  or  meetings  of  the  toothed  wheel 
EKL  with  D  E  F,  on  the  force,  or  on  the  power  3  or  laftly, 
on  the  weight  R  applied  to  the  wheel  DEF. 

Since  to  make  an  Equilibrium  between  the  weight  P,  aug¬ 
mented  by  the  weight  Z,  and  the  weight  R,  you  nruft 
augment  the  weight  R  with  the  weight  Y,  which  muft  be  to 
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the  weight  2  (  which  makes  the  augmentation  of  the  weight 
P  )  as  C  S  to  C  B,  and  then  the  two  weights  R  and  Y  toge¬ 
ther  will  make  through  all  an  Equilbrium  with  the  two  weights 
P  and  2  together  ;  ’ris  evident,  that  in  any  portion  which 
thefe  two  wheels  are  in,  the  weight  Z  wi  11  be  always  in 
Equilibrio  againft  the  weight  Y  ;  and  by  confequence  the  two- 
weights  P  and  Z  together  prevail  always  with  the  fame  force 
againft  the  one  weight  R,  which  is  meafuted  by  the  weight  Y\ 
fince  it  wants  this  weight  to  make  the  Equilibrium ;  which  was,  to,* 
be  demonftrated. 


F  R  0  r  0  S.  6. 


B  may  place  the  SuperfTcie  of  two  Wheels  in  the  fame 


V  V  Plane,  and  inftead  of  the  pegs  or  pins  which  fhould 
be  faftnedon  the  Wheel  D  E  F,  we  may  make  the  teeth  at  the 
end  of  this  Wheel,  and  give  them  what  Figure  we  pleafe: 
then  the  teeth  of  the  other  Wheel  whofe  figure  will  be  in  the 
Epicycloid,  ought  to  have  a  figure  compofed  of  thofe  of  the 
Epicycloid  and  thofe  of  the  teeth  propofed,  this  compounded 
figure  forms  it  fellg  as  I  fhall  explain  in  the  following  Ex¬ 
amples. 


Example  i. 


Fig .  1 91.  The  moft  fimple  of  all  Figures  is  the  Circular; 
wherefore  I  propofe  atfirft  fight  the  figure  of  the  teeth  of  the 
Wheel  B  E  F  in  a  circle.  Let  the  wheel  be  B  E  F,  whofe  centre 
is  in  A,  which  hath  its  teeth  of  a  circular  Figure,  as  B  O  P,  and 
whofe  centres  will  be  on  thecircle  DGM,  which  hath  itscentre 
common  with  thofe  of  the  Wheel  A;  let  the  centre  of  the  other 
Wheel  be  C;  having  drawn  the  right  line  C  A  which  joins  the 
centers  of  the  two  Wheels,  and  which  meets  with  the  circle  B  E  F 
in  B,  from  the  centre  C,  and  with  the  Radius  C  D  deferibe  the 
circle  D  I,  on  which  as  a  bafe  make  the  Epicycloid  D  V  HL,  which 
hathD  G  M  for  its  generaing  circle.  Now  if  from  all  the  points 
DV  Id  of  the  Epicycloid,  as  Centers  you  deferibe  the  circled 
O  N  L  equal  to  the  circle  which  forms  the  teeth  of  the  Wheel 
B  E  F,  the  crooked  line  O  N  L  which  touches  ail  the  circles, 
and  which  will  be  Parallel  to  the  Epicycloid,  will  form  the 
figure  of  the  teeth  of  the  Wheel  B  K,  that  is  to  fay,  that  part 
of  the  tooth  which  adts  againft  the  part  of  the  circular  tooth 
which  it  meets  in  its  motion,  for  to  the  other  parts  of  the  teeth 
which  it  meets  not  with,  I  have  already  faid  that  they  may  be 
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made  of  what  Figure  von  pleafe ;  but  you  ought  always  to 
make  choice  of  thofe  which  are  mod  durable,  and  mod  proper 
to  refid  the  force  of  the  motion. 

I  fay  now,  if  you  apply  equal  powers  to  thefe  Wheels  with¬ 
in  the  didances  of  their  centers  C  D,  A  D,  in  any  place  that 
the  teeth  meet,  you  will  have  an  Equilibrium  every  where; 
only  it  mud  be  obferved  that  the  meetings  oi  thefe  Teeth  mud 
be  always  under  the  line  A  C. 

By  the  yl.  Propofition  in  any  place  that  the  Epicycloid  DVH 
is  applied  to  the  point  D  of  the  Wheel  D  G  M,  in  making  it 
move  about  the  Centre  A,  it  will  make  an  Equilibrium  between 
the  equal  Powers.  For  if  one  of  the  powers  caufe  the  other 
to  move,  it  will  caufe  it  to  run  over  a  fpace  equal  to  that 
which  the  fame  runs  over  it  felf.  But  by  condruftion  of  the 
tooth  O  N  L,  we  fee  that  the  crooked  line  ONL  meeting  the 
circle  BzP  makes  the  point  D  fo  much  advance,  as  if  the 
Epicycloid'  D  V  H  met  it:  For  the  didance  between  the  Epicy¬ 
cloid  DVH,  and  the  crooked  line  ON  L  is  every  where,  that 
of  the  Semidiameter  of  the  Circular  tooth  RzP. 

For  example,  when  the  centre  of  the  tooth  D  is  come  to  G, 
and  that  the  Epicycloid  D  V  H  is  placed  in  I  G,  its  point  G  be¬ 
ing  joyn’d  to  the  centre  of  the  circular  tooth,  his  evident  that 
the  arch  D  I  of  the  circle  of  the  bafe  will  be  equal  in  length 
to  the  arch  D  G  of  the  generating  circle  DGM;  But  then 
the  crooked  line  ONL  will  be  placed  in  on  l,  and  the  circu¬ 
lar  tooth  Enp  which  hath  its  centre  in  G,  will  necdfarily  touch 
in  the  point  w,  the  crooked  line  or  curve  on  l,  for  the  fhorteft 
didance,  from  the  point  G  of  the  Epicycloid  to  the  curve  0  n  l 
will  be  in  the  point  touchant  n  of  the  circle  E  n  p,  and  of  the 
curve.  So  when  the  point  D  of  the  Epicycloid  is  come  to  1,  the 
point  O  of  the  curve  will  be  come  to  <?,  the  arch  O  0  will  be 
equal  to  the  arch  D  I,  and  the  curve  e  n  l  which  meets  rhe  circu¬ 
lar  tooth  in  w,  will  be  made  to  advance  its  centre  in  G  on  the 
Epicycloid  I  D,  and  by  confequence  the  arch  D  G  will  be  equal 
in  length  to  the  arch  O  0,  or  D  I. 

I  have  faid  that  the  teeth  ought  not  to  begin  to  meet  or  ren¬ 
counter  themfelves  but  underneath  the  line  A  C,  that  is  to  fays 
that  the  bending  O  N  L  is  not  proper  for  to  aft  on  the  circular 
teeth,  but  when  the  point  O  of  the  curve  O  N  L  is  come  to 
D  ;  and  by  confequence  this  curve  ONL  begins  not  to  aft  a- 
gainft  the  curve  or  bending  of  the  circular  tooth,  bat  in  the 
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point  Z,  where  it  is  cut  by  the  circle  D  G  M,  and  it  continues 
-always  in  the  Rencounter  or  meeting  in  its  part  Z  P,  in  de- 
fcending  beneath  the  line  A  C.  We  may  then  fdfen  all  the 
.part  2  B  of  the  circular  tooth,  fince  his  not  uieful  in  the  move¬ 
ment,  or  motion,  and  finifh  it  on  the  circle  Z  D.  We  .may 
alfo  finifh  the  teeth  of  the  other  Wheel  by  the  curve  L  N  d5 
and  by  the  circle  O  D,  which  will  be  the  ground  of  the  teeth; 
Bat  in  this  condruftion  we  ought  to  didribate  the  teeth  after 
fuch  manner  in  each  Wheel  that  they  begin  to  rencounter 
or  meet  one  another  only  in  the  line  A  €,  and  that  they 
do  not  hinder  one  anotlier  above,  which  will  always  be  eafy 
to  do. 

Alfo  note,  that  the  curve  L  NO  Parallel  to  the  Epicycloid , 
begins  always  out  of  the  circle  GDI,  and  afterwards  that  it 
is  between,  or  within ;  and  ladly,  that  the  diameter  of  the  gene¬ 
rating  circle  is  greater  than  Db,  which  is  eafy  to  denipnifrate 
by  the  generation  of  the  Epicycloid,  but  I  confider  not  in 
this  place  but  the  part  O  N  Lof  this  curve  which  is  without 
!the  circle  GDI  when  his  in  this  kind. 

We  ought  always  to  avoid  in  the  teeth  of  Wheels  to  make 
them  work  above  the  line  A  C  which  joins  their  centers, 
becaufe  the  wearing  or  rubing  in  them  is  very  great,  and  that 
on  the  contrary  his  not  aimed  coniiderable  in  them  below, 
fuppofing  that  the  motion  of  the  Wheels  wilfebe  from  above 
to  beneath  the  line  A  C.  In  the  mean  time  if  you  would  that 
the  teeth  of  thefe  Wheels  work  in  rencountring  themfelves  a- 
hove  A  C,  it  mud  be  in  the  making,  as  I  /lull  /hew.  by  and  by, 
after  I  have  Hie wn  a  general  method  for  making  the  teeth  of 
one  Wheel  in  different  manners,  thofe;  of  the  other  being  a  1~ 
ways  .giyen  the  fame. 

Example  2. 

Fig.  1  $1.  In  dead  of  the  Centre  D  of  the  circular  tooth  pro- 
poled,  as  in  the  precedent  example,  1  take  another  point  like 
that  where  I  pleafe,  as  B  on  this  tooth,  and  by  means  of  this 
point  I  find  the  figure  of  the  tooth  B  N  N,  which  ought  to 
work  with  the  propofed  ,  but  for  to  eaufe  the  tooth  propofed 
to  aft  or  work  in  as  many  parts  as  is  podible,  we  ought  to 
chafe  'a  point  in  this  tooth  which  may  be  the  neared* to  the 
Centre  C  of  the  other  Wheel,  in  the  motion  of  this  point 

chofen 
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chofen  about  the  center  A  of  the  Wheel  unto  which  cis  fan¬ 
ned,  and  this  point  will  be  the  point  B  in  this  Example. 

From  the  centre "C  and  with  the  Radius  CB  defcribe  the  circle  - 
B  K,  which  will  be  the  bafe  or  the  Epicycloid  B  V  V,  whofe 
generating  circle  is  B  G  G  defcribed  from  the  ce  ntre  C  and 
Radius  A  8;  then  from  the  centre  A  having  drawn  the  Ra¬ 
dius  AG,  from  the  centre  C,  and  by  the  Radius  CG  we  may 
defcribe  the  circles  G  V,  which  cut  the  Epicycloid  in  V,  and 
by  thefe  points  V  we  may  draw  the  lines  V  El  1,  which  make 
the  angles  C  V  I  equal  to  the  angles  C  G  A.  Then  on  the  lines 

V  HI  we  may  apply  the  figure 'B  z  of  the  tooth  propofed  in 
the  fame  manner  as  his  applied  to  the  line  A  B,  in  making  it 
agreeable  in  the  point  B  or  V,  and  we  may  draw  the  curve 
line  B  N  N  that  /hall  touch  the  curvature  or  bending  of  the  pro¬ 
pofed  tooth,  in  all  thefe  different  Pofitions,  which  fame  thing 
will  happen  for  the  circle,  if  we  take  on  V  H  the  Magnitudes 

V  H  equal  to  B  D  the  radius  of  the  circle  of  the  propofed  toothy 
and  that  from  the  points  H  for  a  center  we  defcribe  the  cir¬ 
cles  N  equal  to  thofe  of  the  tooth. 

It  plainly  appears  by  this  formation  of  the  curve  B  N  N 
that  in  any  polition  that  it  meets  the  circular  tooth,  the  point: 
B  of  the  curve  B  N  N  being  beneath  A  C,  there  will  be  every 
where  an  Equilibrium  between  i  equal  Powers  applied  to  thefe- 
Wheels  in. the  diftances  CB,  A  B,  from  their  centers  C  A  :  For 
we  may  demonftrate,  as  in  the  preceeding  example, that  in  any 
pofition  that  the  curve  B  N  N  is  applied  to  the  circular  tooth,, 
it  will  be  difpofed  to  make  its  way  in  the  point  B  on  the  cir¬ 
cle  B  G,  a  fpace  equal  to  that  which  the  fame  point  B  makes* 
on  the  circle  B  K.  For  example,  if  the  point  B  in  runing  over; 
the  fpace  B  K  on  the  circle  B  K,  the  fame  point  B  comes  to? 
G,  by  means  of  the  Epicycloid  B  V,  which  mu  ft  be  placed 
in  K  tf)  but  the  curve  B  N  N  will  be  placed  in  K  n ,  and  its-, 
point  N  will  be  applied  in  the  point  of  the  circular  tooth  b  Z, 
tranfporred  in  G  »,  which  will  have  its  center  in  b  on  AG,, 
and  by  confequence  the  curve  K  »,  which  a6ts  on  the  circu¬ 
lar  tooth  G  n  in  the  point  w,  makes  the  point  G  to  advance, 
fo  much,  as  if  the  Epicycloid  fhould  be  placed  irivKG,  and 
joined  to  the  curve  K  n.  } 

’  Fis  eafily  feen,  that  if  the  tooth  of  the  Wheel  B  K  is  formed; 
as  the  curve  B  N  N,  it  will  begin  to  atff  on  the  circular  tooth 
B  Z,  in  the  point  B  on  the  line  A  G:  For  fo  (con  as  the  point 
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B  of  the  curve  B  N  N  is  come  to  A  C,  and  that  it  touches 
the  point  B  of  the  circular  tooth,  the  2  teeth  begin  to  aft  one 
againft  the  other,  and  to  meafure  how  much  the  tooth  B  NN 
defcends  its  different  points  N,  as  they  are  applied  in  different 
places  of  the  circular  tooth  B  Z. 

Nse,  that  if  we  take  the  lines  V  H  I  equal  to  B  A,  all  rhs- 
points  I  will  be  in  the  circumference  of  the  circle  A  1 1,  whole 
center  is  in  C-  and  moreover,  that  all  thefe  points  Iwiil  be 
the  Centers  of  the  generating  circle  of  the  Epicycloid ,  in  the 
different  portions  whence  it  defcribes  the  points  V. 

(  Lafily ,  we  may  take  the  point  B  for  the  Commencement  of 
the  Epicycloid  in  what  place  you  pleafe,  whether  within  or 
without  the  tooth,  in  Head  of  taking  it  in  B  on  the  curve  of 
the  propofed  tooth,  as  is  done  in  this  example,  and  we  may 
find  always  a  curve  for  the  tooth  which  ought  to  work  with 
thofe  propofed,  and  which  ought  to  make  an  Equilibrium  be¬ 
tween  two  equal  Powers,  which  I  ilia  11  explain  in  the  follow¬ 
ing  Examples, 

Example.  3. 

Let  the  right  lined  tooth  be  2  D,  which  makes  with  the 
Radius  A  2  the  angle  A  ZD,  and  let  the  point  be  D  of  this 
tooth  which  ought  to  begin  ro  work  with  the  tooth  of  the 
other  Wheel  b  K  j  having  taken  any  point  B  in  the  line  ADC 
which  joins  the  centers,  and  which  paffes  through  the  point 
D,  determining  to  what  place  the  tooth  A  2  D  fhould  be  made 
to  move  on  its  center  A ;  or  if  the  point  D  be  not  deter¬ 
min'd  on  the  tooth  2  D,  and  that  there  be  given  the  point  B 
of  like  poficion  to  the  line  2  D,  or  to  the  angle  A  Z  D,  hav¬ 
ing  drawn  A  B  which  cuts  Z  D  in  D,  we  may  place  the  line 
AB  on  the  line  AC,  and  deferibe  the  circle  B  K  from  the  * 
center  C,  and  the  Radius  C  B  •  this  circle  will  be  the  bafe  of 
the  Epicycloid  B  H  M;  of  which  the  generating  circle  is  B  G,  de¬ 
fer  i  bed  from  the  center  A  on  the  kadi  us  A  B. 

Then  to  all  the  points  G  of  the  circle  B  G,  having  drawn 
the  Radius V  A  G,  and  from  the  Center  C,  and  for  the  Radii 
C  G  having  ddcribed  the  arches  of  the  circle  G  V,  which  ren¬ 
counter  in  V  the  Epicycloid  B  V  M,  l  draw  C  V,  and  after¬ 
ward  V  H  I,  which  makes  the  angle  C  V  I  equal  to  the  angle 
CGA,  on  V  I,  I  apply  the  line  H  2  in  the  fame  manner  that 

L  2 
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DZ  is  applied  toB  DA,  that  is  to  fay,  that  V  H  is  taken  e~ 
qual  toBD,  and  that  the  angle  V  H  Z,  is  equal  to  the  angle 
B  D  Z,  the  lines  H  Z  will  interfecd  them  all,  whence  we  may 
draw  the  curve  line  D  N  which  will  touch  them,  this  line  D 
N  will  be  the  figure  of  the  tooth  which  we  feek,  and  which 
ought  to  be  applied  to  the  wheel  B  K. 

Tis  evident  by  what  is  demonftrated.  before  of  the  forma¬ 
tion  of  the  fecond  teeth  on  the  firft  which  are  given,  that  the 
Curve  D  N  oi  the  tooth  applied  to  the  wheel  B  K  meeting  the 
right  lined  tooth  D  Z  below  the  line  A  C,  and  beginning  in 
the  point  D  will  make  every  way  2n  Equilibrium  between  z 
equal  powers  applied  to  the  1  wheels  in  the  diftances  of  C  B 
and  A  B,  that  is  to  fay,  in  the  extream  of  their  Radij ;  for  if 
vvefuppofe  that  the  line  C  B  have  tranfported  the  point  B  toK, 
the  Epicycloid  B  V  M  will  be  placed  in  K  G,  and  the  line  A  B 
will  be  placed  in  A  G,  fo  that  the  arch  B  G  will  be  equal  in 
length  to  the  arch  B  K  by  the  property  of  the  Epicycloid. 
But  then  in  this  pofition,  the  rooth  will  be  in  A  S  d,  and  the 
curve  D  N  being  putin  E  »,  its  point  n  which  is  the  fame  as 
the  point  N,  will  touch  the  tooth  in  n  3  and  even  as  in  all  the 
points  as  G  and  K  the  motion  will  be  equal,  there  will  be  eve¬ 
ry  way  an  Equilibrium  between  the  two  equal  powers. 

Where  Note,  That  we  ought  not  to  determine  the  length  of 
the  right  lined  face  Z  D  of  the  tooth  towards  for  it  may 
happen  in  fome  cafes  that  the  curve  D  N  may  not  be  touchant 
to  ail  the  lines,  as  H  Z,  lor  thefe  lines  H  Z  in  ter  fe  61  not,  their 
extream  H  being  determined  and  they  rencounter  not  the  next , 
and  if  we  fhould  draw  the  curve  line  D  N  N  through  all  the 
points  as  H,  it  would  happen  that  only  the  end  or  extream  D 
of  the  tooth  would  work,  and  would  notwithftand'ing  make 
the  motion  equal,  but  this  is  not  that  which  is  propofed  in  this 
place. 


Example  4. 

Fig*  1 9  1.  We  may  yet  make  another  fort  of  right  lined 
tooth,  the  face  ol  which  tends  to  the  center  of  its  wheel,  and 
by  this  means  the  tooth  which  aids  againft  it,  has  not  its  face'in- 
dined  to  the  circle  on  which  it  is  faftned,  as  in  the  preceedh.g 

P  p  Exam- 
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Examples,  and  this  kind  of  tooth  is  one  of  theeafieft  to  execute  in 
great  Engins,  and  moffufeful  for  the  motion. 

Let  the  free  be  F  D  of  this  right  lined  tooth  which  tends  to 
the  center  A  of  its  wheel,  and  which  is  placed  in  the  line  A  B 
C  which  joins  the  centers  of  the  wheels.  By  any  point  B  of 
the  line  A  C,  and  from  the  center  C,  deferibe  the  circle  B  K 
which  is  the.  bafe  of  the  Epicycloid  B"  V,  whofe  generating 
circle  is  B  G,  defer  ibed- from  the  center  A  and  the  Radius  A 
B  j  having  drawn  all  the  Radij  A  G,  and  the  lines  CG  which 
are  the  Rad ij  of  the  circles  G  V  which  rencounter  the  Epicy¬ 
cloid  in  V,  whence  the  angle  C  V  I  will  be  made  equal  to  the 
angle  C  G  A.  La  ft  I  y,  whence  we  may  draw  the  curve  DNN 
which  will  touch  all  the  lines  VI  in  their  different  po (it ions', 
and  which  will  be  the  figure  of  the  tooth  which  ought  to  be 
applied  to  the  wheel  B  K.  This  toorh  DNN  rencounters 
Jhe  face  F  Din  all  its  different  pofitions,  and  will  make  every 
way  an  Equilibrium  between  2  equal  powers  applied  to  their 
wheels  in  the  diftances  of  C  B  and  A  B.  For  the  curve  DNN 
being  placed  in  dn^  which  is  faftned  to  the  Radius  CK  and 
rencounters  the  face  A  F  D  of  the  tooth  propofed  in  n  in  the 
pofition  A  G,  will  make  the  fame  effedt  on  the  point  G,  as  the 
Epicycloid  DV  placed  in  KG>  as  I  have  made  appear  in  the 
preceeding  example. 

’Tis  eafy  to  behold  by  what  is  explained  before,  that  it  will 
for  be  difficult  to  form  the  tooth  which  we  feek,  that  which 
is  given  being  of  another  figure  than  the  circular  or  right 
Sned,  as  Parabolique,  Hyperbolic,  and  the  fame  in  the  Epicy¬ 
cloid, 

PROP  OS.  VIJL 

ONe  may  deferibe  an  Epicycloid*  on  a  bafe  which  is  con— 
centriclcto  the  wheel  which  carries  the  propofed  tooth, 
and  by  means  of  this  Epicycloid,  we  may  find  the  Figure  of 
the  fecond  tooth,  as  in  the  preceeding  proportion.  . 

Mg.  195.  Let  Z  D  be  the  figure  of  the  tooth  propofed 
which  is  applied  to  the  wheel  Z,  the  center  whereof  is  A  5 
and  on  this  fir  11  tooth  mark  the  point  D,  which  ought  to  begin  - 
to  work  or  aft  with  the  fecond  tooth  that  we  ought  to  apply 
10  the  other  wheel,  place  the  tooth  Z  D  in  making  it  turn 

with 


’Book  X. 


Powers', 


2  91 


with  its  wheel  about  the  center  A,  fo  that  its  point  D  be  on  the 
line  AC,  which  joins  the  centers  of  the  z  wheels;  in  this 
portion  of  the  tooth  Z  D,  having  markt  any  point  B  that  you 
pleafe  on  the  line  A  C,  from  the  center  A,  and  with  the  Ra¬ 
dius  A  B  defcribe  the  circle®  G,  v.'hich  will  be  the  baf:  of  the 
Epicycloid  B  V,  whofe  generating  circle  is  B  K,  deferibed  from 
the  center  C  and  Radius  C  B. 


’Tis  evident  by  what  is  demonftrated  before,  that  the  Epicy¬ 
cloid  B  V  being  taftned  to  the  Radius  A  B,  will  fo  much  ad 
vance  the  point  B  from  the  Radius  C  B,  as  the  fame  point  b 
advances  on  the  circle  B  G  in  any  polition  that  the  Epicycloid 
fhall  be,  as  if  it  is  tranfported  to  G  K,  the  arch  B  ft  will  be  e- 
qual  in  length  to  the  arch  B  G,  and  fo  the  difference  being 
every  way  the  fame  of  thefe  arches,  they  will  alfo  be  equal 
in  length,  in  manner  as  if  the  Epicycloid  is  placed  in  G  K,  the 
point  G  will  not  advance  any  fpace,  but  will  be  on  its  arch 
B  G,  and  it  makes  not  fo  much  to  advance  the  point  K  on  the 
arch  B  K. 

Now  to  all  thofe  points  K  of  the  circle  B  K,  having  drawn 
the  Radi j  C  K,  and  afterwards  A  K,  and  from  the  center  A 
and  Radius  A  It,  having  deferibed  the  arch  K  V  which  curs 
the  Epicycloid  in  V,  and  the  line  A  C  in  F,  whence  thearch 
K  L  will  be  equal  to  the  arch  V  F,  and  then  drawing  L  A 
which  will  cut  the  arch  B  G  in  G,  whence  ’tis  evident,  that 
the  portion  B  V  of  the  Epicycloid  may  be  accommodated  in 
G  ft. 


Having  made  the  angle  C  B I  equal  to  the  angle  C  K  A,  and 
B  I  being  equal  to  K  A,  whence  alfo  the  angle  B  I g  will  be 
equal  to  the  angle  K  A  G,  and  on  g  I  equal  to  A  B,  Or  to  A  G,  if 
we  apply  the  curve  E  N  Z  of  the  tooth  given  D  Z,in  the  fame 
manner  that  it  is  applied  on  B  A,  as  if  we  tranfport  it  fo  that 
the  point  B  be  put  or  placed  in  g,  and  the  point  D  in  E. 

Laftly,  the  Carve  of  the  propofed  tooch  in  ail  its  different 
portions  will  form  another  curve  N  N  D  by  a  line  which  will 
touch  them  all,  which  will  be  the  figure  of  the  fecond  tooth 
which  we  feek,  and  which  ought  to  be  applied  to  the  wheel  B  K> 
£>r  to  the  radius  C  B  L)  in  the  manner  which  his  deferibed. 

Tis. evident,  that  this  curve  N  N  D  will  fo  much  advance 
the  point  B  on  its  arch  B  G,  as  the  fame  point  B  advances  on 
BK  ;  For  when  the  point  B  is  placed  in  K,  the  curve  N  D 
will  advance  the  tooth  2D  in  S  n  d7  for  the  point  n  of  this 
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curve  which  rencounters  the  tooth  in  the  pofition  S  n  J,  ren¬ 
counters  it  in  the  fame  manner,  and  in  the  fame  place  as  the 
point  N  which  it  forms.  So  the  Epicycloid  will  he  in  the  po  ¬ 
rtion  G  K,  and  by  confequence  two  equal  powers  being  ap¬ 
plied  to  thefe  two  wheels  in  the  diftances  of  their  Radii  A  R, 
CB,  will  a 61  every  way  equally,  and  will  make  an  Equilibrium, 
m  ail  the  Rencounters  of  the  teeth  of  the  two  wheels. 

FRO  P  OS.  VIII. 

7  o  apply  a  little  Wheel  injlead  of  a  Tooth  to  the  Wheel  of 

an  Engin. 

Fig.  IT  Have  noted  in  the  6th.  Proposition,  That  the  fecond 
t Tooth  ought  not  to  begin  to  work  with  the  firft,  but 
on  the  line  A  C  3  becaufe  that  the  wheels  having  their  mo¬ 
tion  above  or  below  this  line,  the  faces  of  the  Teeth  which 
rencounter  themfelves  in  their  removing  one  from  another, 
do  only  rub  one  another  in  making  their  efcape,  which  cau- 
fes  not  any  fenfible  hinderance  to  the  motion  3  whereas  when 
the  rubihg  is  made  by  the  rencountring  of  the  parts  which 
venter  or  come  upon  one  another,  the  Impediment  to.  the  mo¬ 
tion  is  very  confiderable,  and  is  that  which  we  chiefly  ought  to 
avoid  in  Machines  and  Engines. 

Behold  here  a  particular  conftruStion  for  the  Teeth  of 
Wheels  of  a  great  Engin,  where  the  faces  which  rencounter 
themfelves  or  meet,  are  made  fo  that  they  touch  one  another 
without  rubing  or  wearing,  and  what  remains  is  only  made  on 
the  Axis,or  Pivot. 

The  conftruSion  of  thefe  Teeth  is  the  fame  as  thofe  of  the 
firft  Example  of  the  6th.  Propolition,  but  the  Application  is 
different:  In  the  6th.  Proportion  the  circular  Tooth  propofed 
is  flayed  firmly  by  the  Wheel  3  but  in  thofe  here  that  is  a  lit¬ 
tle  wheel  which  is  movable  about,  its  centre  D,  on  an  axle- 
tree,  or  pin,  placed  at  the  end  of  the  Radius  A  D  ,  there  will 
be  then  no  other  fretting,  or  wearing,  in  this  Engin,  than  that 
of  the  little  wheel  uZP  on  its  axis  3  for  the  circumference 
will  apply  it  felf  every  way,  without,  fretting,  or  wearing,  on 
the  Curve  of  the  other  Tooth  O  N  L. 
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Tis  evident,  that  this  application  of  the  little  wheel  cannot 
make  any  varying  from  what  I  have  demonftrated  of  the  cir¬ 
cular  Tooth  in  the  6th.  Proportion,  and  that  the  efteft  of  the 
Engin  will  be  the  fame  :  For  it  matters  not  whether  the 
Curve  O  N  L  rencounter  or  meet  the  circle  O  2  P  of  the  lit¬ 
tle  wheel,  or  the  tooth  of  the  fame  figure,  fince  its  center  D 
will  be  always  the  fame  way. 


P  RO  P  0  S*  IX, 


The  ConftruEtion  of.  an  Engin  to  raife  Water  according  to 
the  precedent  Form . 

Fig.  X  M  O  I  is  a  great  Wheel  made  of  great  pieces  of  wood 
t  o *7 . 1  j  pined  together  one  with  another,  which  is  pofited 
or  placed'  horizontally,  the  Axis,  or  Tree  A  B,  of  this  Wheel  is 
a  large  piece  of  wood  which  is  moved  by  its  bafe  on  a  Pivot, 
or  Spindle  P,  being  only  faftned  at  top.  with  a  pin  of  Iron  to 
keep  it  always  perpendicular This  Wheel  is  toothed,  or  wa¬ 
ved,  on  the  edge  after  the  manner  of  Wheels  in  rencountring, 
or  meeting,  in  common  Clocks  ;  and  it  hath  but  £  Teeth,  as 
O  I,  which  aft  in  palling  upon  the  little  Wheel  RS,  which  is 
movable  on  its  axis  C  :  This  Axis  is  faftned  to  the  arm  D  C, 
which  is  like  wife  movable  about  its  axis  D,  which  is  flayed 
firm  at  any  union  :  The  arm  D  C  is  join’d  and  faftned  to  the 
portion  of  the  circle  D  E  F,  fo  that  they  cannot  move  the  one 
without  the  other;  on  the  thicknefs  of  the  arch  E  F  it  mull 
have  a  double  flat  chain  H  G,  faftned  towards  the  top  in  Er 
and  this  Chain  hath  two  rings  at  the  end  of  it,  which  fu~ 
ftains  the  handle  of  Iron  which  carries  the  Pin,  or  Peftle,  of  a 
drawing  Pump  :  The  Leaver,  or  Arm  N,  of  this  Engin  pafles 
in  the  Tree  in  B,  and  may  be  ftayed  if  one  will  by  the 
wheel  to  make  it  more  firm  ;  it  muft  have  two  little  Wheels, 
fuch  as  thofe  I  am  coming  to  defcribe,  which  are  diametri¬ 
cally  oppofite  under  the  Wheel,  and  which  do  always  aft  by 
turns  one  after  another ;  for  by  this  difpofition  of  the  little 
wheels  when  one  appears  in  the  bottom,  or  hollow  of  the  wave5 
the  other  appears  on  the  top  :  But  the  Wheel  turning  from 
O  to  I,  the  little  wheel  defcends  in  the  rencounter  to  the  part 
'O  CLof  the  wave,  and  amounts  again  in  the  other,  we  muft 

confide*. 
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con  fid  cr  but  the  part  OQ^of  the  wave,  for  there  is  but  that 
thar  works  for  to  lower  the  little  Wheel  which  raifes  the 
Pdtle,  or  Suciter,  of  the  drawing  Pump,  and  which  fuftains 
ah  the  weight  or  water  ;  the  little  Wheel  mounting  again  in 
thc  ot.ier  part  of  the  wave  makes  not  any  effort  or  endeavour 
agamft  the  Wheel,  for  it  follows  only  the  hollow  turning  or 
wmdmpf  the  Tooth,  not  being  raifed  bur  by  the  weight  of 

1  f.  f^ie,’,or  S.uCf-er’  an<^  “s  handle,  and  of  the  Triangle  D£F 
which  fall  again  beneath  by  their  proper  weight;  which  we  mav 
make  very  near  equal  to  that  of  the  little  wheel. 

All  the  effort  of  the  Wheel  is  made  only  by  its  weight  in 
luch  manner,  that  it  it  is  as  heavy  as  the  weight  of  the  Co¬ 
lumn  of  water  which  it  ought  to  fufiain  in  "the  body  of  the 
Pump,  ine  dntanceof  the  Leavers  being  compenfated  ’tisevi, 
den^  that  there  will  not  be  any  confiderable  rubing  on  the 
pivot  s- ;  gut  it  ftiuil  be  always  fomewhat  heavier,  in  thar  it 

:  ma7  not  6?  the  Iron  wherein  the  Pivot  plays,  for  other 
wife  it  will  work  on  the  two  little  wheels  all  the  time,  which 
mint  be  avoided.  *  1JJU1 

The  number  of  Teeth  of  this  Wheel  ought  to  be  odd  fo 
to.at  n  may  have  always  one  of  the  two  little  Wheels  oponfim 
which  work,  and  that  the  power  which  moves  the  leaver  N 
may  adt  always  equally,  and  not  by  jumps  or  skips  as  it  com’ 

;  monly  happens  in  thofe  Engins  which  have  no?  one  or  t  /n 

llsln  thls  riiar  the  principle  direction  of  the  con 
•fouction  of  teeth,  and  the  pofition  of  (mall  wheels  confifo • 

Fqi  wmch,  chat  we,  may  always  keep  to  the  rule  in  the  form 
or  the  Teeth  we  mud  have  refpedt  to  the  proportions  of  the 
tag  and  length  of  the  Teeth  with  <!.£££*& 

We  muft  obferve  that  ’tis  not  poflible  that  the  face  of  the 
Teeth,  or  of  the  waves  of  the  wheel,  Aould  work  in  every  dI  ire 
on  the  httle  whed  at  equal  diftances  from  the  Axi^oftS 
v*  Ke  >  becaufe  the  moui'n  of  the  wheel  is  circular  and  hori¬ 
zontal,  and  that  or  the  little  wheel  is  vertical  or  perpendicu' 
ar ;  for  it  happens  that  when  the  Teeth  rencounLd  e  Ikt  e 
wheel  in  then  ower  part,  and  from  their  point,  if  the  Axie- 
tree  of  the  httle  wheel  is  equally  removed  from  the  Axis  of 
the  wheel,  it  will  be  nearer  when  the  little  wheel  k  rt  f 
the  moiety  of  its  defeent,  which  will  be  ealily  known  T  rS 
plane ,  this  difference  of  removing  will  caufe  /little  fretting  o? 

wearing 
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wearing  of  tile  face  of  the  Tooth  with  the  little  wheel :  Bit 
thefe  are  fuch  faults  which  are  impofiible  to  be  wholly  avoid¬ 
ed  in  Engins,  and  we  ought  to  refpeft  rhofe  which  have  the 
leaft,  or  the  lead  confiderable,  for  the  mod  perfect. 

For  the  conftruftion  of  the  Teeth  of  the  great  wheel  of  this 
Engin,  we  ought  to  confider  them  as  if  they  were  in  the  fame 
plane  as  thofe  of  the  little  wheel,  and  when  we  have  deter¬ 
min'd  the  figure,  we  apply  it  on  the  wheel  to  the  place  where 
it  rencounters,  or  meets  the  little  wheel,  ferving  as  a  profile  or 
fit  fize  cut  from  the  figure  of  the  Tooth. 

Fig.  1 98.  Having  determined  the  center  D  of  motion  of 
the  arm  D  C  of  the  little  wheel  R  S,  and  the  fize  DC  of  the 
arm,  from  the  center  D,  and  by  the  Radios  D  C  defcribc  the 
circle  C  E,  on  which  draw  the  line  ABC  touching  in  C ; 
on  the  line  B  A  for  a  bafe,  and  C  E  for  the  generating  circle 
defcribe  the  Cycloid  C  V  V,  and  through  all  its  points  VV  as 
centers  defcribe  the  circles  N  equal  to  thofe  of  the  little  wheel  \ 
I  fay,  that  the  crooked  or  curve  line  SN  N  which  touches  all 
thofe  circles  will  be  the  figure  of  the  Wave. 

If  we  imagin  that  the  right  line  B  A  moves  from  B  towards 
A  on  the  fame  with  the  Cycloid  C  V  V  which  is  faftned  to  it, 
'cis  evident  that  every  point  B  of  the  line  B  A  will  have  fo 
much  of  the  way  as  the  point  C  will  have  about  the  center  D* 
being  moved  by  the  Cycloid  VV:  For  if  the  point  C  of  the 
line  B  A  is  tranfported  in  T  through  the  fpace  C  T,  the  Cy¬ 
cloid  C  V  will  be  placed  in  T  E,  and  the  point  C  will  be  arri¬ 
ved  at  E,  on  the  arch  of  the  circle  C  E:  But  by  the  generati¬ 
on  of  the  Cycloid*  the  arch  C  E  is  equal  in  length  to  the  right 
line  C  T,  then  two  equal  powers  one  of  which  moves  the  line 
CT  on  the  fame,  and  the  other  moves  the  point  C  about  the 
center  D,  will  make  an  Equilibrium  every  where,  for  we 
ought  to  confider  the  right  line  B  A  as  the  circumference  of  a 
circle  whofe  center  is  infinite  or  endlefs. 

But  now  ifinftead  of  the  point  C  of  the  Radius  D  C,  we 
apply  the  little  circular  wheel  R  S,  whofe  center  is  in  C,  ’tis 
plain  by  the  conftrudtion  of  the  curve  S  N  N  that  it  will  have  the 
fame  effect  on  the  center  C  of  the  little  wheel  in  rencountring 
its  circumference,  as  if  the  Cycloid  CVV  fhould  rencounter 
only  the  point  C  *  For  the  center  C  being  put  or  placed  in  E, 
the  point  N  of  the  curve  S  N  N  will  be  placed  in  »,  fo  that  E 
n  will  be  aihorter  diftance  from  the  point  E  of  the  curve, 

*  Tlr^ 
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In  the  conftruSion  of  the  Teeth  of  this  Engin,  one  ferves 
not  all  the  curve  S  N  N  form’d  on  the  whole  Cycloid,  but 
only  on  one  parr,  and  that  which  you  pleafe,  for  otherwife  it 
would  happen  that  the  waves  would  be  too  great.  We  may 
then  take  for  Example  in  Fig.  31.  the  middle  part  NX  of  the 
whole  curve  SNXF,  which  is  formed  on  the  half  Cycloid 
C  N  •  fo  the  bottom  of  the  wave  will  be  formed  by  the  circle 
of  the  little  wheel  in  the  pofition  N  2  P,  and  its  point  will 
be  in  the  point  X;  we  may  give  very  near  the  fame  figure  to 
the  part  of  the'Wave  which  mounts  up  again  and  works  nor, 
to  the  intent  that  the  little  Wheel  may  roul  away  more  eafiiy 
In  remounting  within  the  bottom. 

F/g.  199.  We  muft  note, that  when  the  little  Wheel  is  come 
to  the  end  X  of  the  Wave,  the  center  M  of  the  little  Wheel  is 
not  fo  far  as  it  may  be  from  the  point  X,  that  is  to  fay,  that 
the  line  M  X  is  not  perpendicular  to  BC:  But  as  the  point 
X  defcribes  a  line  parallel  to  B  C,  it  works  only  on  the  cir¬ 
cumference  of  the  little  Wheel,  until  that  the  point  M  is 
come  within  the  line  MX,  perpendicular  to  BC  j  the  center 
M  or  the  little  Wheel  will  defcribe  then  in  that  place  a  fmall 
arch  of  a  circle  equal  to  thofe  of  the  little  Wheel,  and  it  will 
happen  that  rhe  point  X  of  the  wave  will  be  blunted  or 
dulled  a  little  in  the  fucceffion  of  the  work,  which  will  not 
happen  if  one  ferves  for  all  the  curve  N  X  F;  for  the  wave  will 
not  be  one  point  from  its  extream  F,  as  in  the  point  X,  be- 
caufe  that  the  Touchant  of  the  curve  in  F  is  Parallel  io'b  q 
and  the  Touchant  in  X  is  inclined  to  the  fame  line  B  C;  ’Tis 
evident ,  that  the  work  of  the  point  X  will  only  endure  fo 
much  more  time  as  the  little  Wheel  is  more  great  ’  for  the 
.  arch,  which  the  point  M  defcribes,  will  be  greater  for  draw¬ 
ing  die  point  ivl,  in  the  line  drawn  by  X  perpendicular  to  B  C 
than  if  the  Radius  of  the  little  Wheel  fliould  be  Idler :  There 
is  Hill  one  inconvcniency  in  a  great  little  Wheel  3  for  it  muft 
have  greater  hallances  on  one  fide,  and  on  the  other  under  the 
wave,  becaufe  that  it  moves  on  two  points  one  of  which  is  its 
Pivot,  and  rhe  other  is  that  of  the  arm  and  of  the  Portion  of 
the  circle  which  carries  the  chain,  which  will  not  be  fo  com 
fiderable  in  a  fmall  Wheel  :  But  if  the  little  Wheel  be  very 
fmall,  it  mu  if  take  away  a  greater  portion  of  the  curve  N  N 
to  form  the  wave  that  it  may  have  always  the  fame  Eleva¬ 
tion  in  the  peftle,  or  rod  of  the  Pump. 

9  ® 
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Tis  eafily  feen  that  the  chain  which  is  faflned  to  the  portion 
of.the  circle  ferves  to  raife  the  Peftle  aiways  perpendicular* 
which  is  awery  good  ufe  in  thefe  forts  of  Pomps:  For  other- 
wife  ifthe  handle  which  carries  the  Peftle,  be  only  faftned  to  a 
Leaver  movable  about  an  axis^as  D  in  this  Engin,it  will  happen 
that  the  Peftle  will  be  drawn  fometimes  to  one  fide,  and  fome- 
times  to  the  other,  and  wear  unequally  in  the  body  of  the 
Pomp  in  working,  which  will  deftroy  it  in  a  third  part  of  the 
time,  as  I  have  obferved  in  fome  rencounters* 


P  R  0  F  0  S.  X, 


We  may  likeivife  apply  the  fame  conft  ruff  ion  to  wings,  or  to 
the  Axle-tree  of  Mills ,  which  have  their  Wheel  vertical , 
and  whichare  for  Powder,  for  Paper,  for  Fulling,  for  Forg¬ 
ing,  &c.  or  it  may  raife  Peftles,  very  near  as  you  fee  re - 
prefented  in  this  figure. 

Fig.  T  Shall  here  reprefent  only  two  of  thefe  Peftles,  but  we 
200.1  may  put  as  many  as  we  pleafe,  or  as  many  as  the  mover 
of  the  Wheel  can  make  to  go  3  you  muft  always  put  two  wings 
oppofite,  as  A  B  and  C  D,  to  work  on  each  Peftle,  to  the  end 
that  when  one  of  thefe  Wings  as  B  having  quitted  the  little 
Wheel  E  from  the  arm  of  the  Peftle,  and  that  it  is  fallen,  then 
immediately  the  other  Wing  A,  which  is  oppofite  to  B,  begins 
to  relieve  it. 

We  may  alfo  obferve  that  if  we  have  two  Peftles,  it  behoves 
that  the  wings  which  belong  to  each  one,  will  be  applied 
one  after  another,  to  the  axis  of  the  Wheel,  .as  we  fee  here, 
where  the  Azis  is  to  4  Panes,  becaufe  that  it  hath  four  wings 
and  two  Peftles,  and  where  the  wings  A  and  B  are  applied 
to  the  two  oppofite  faces  of  the  axis,  and  the  two  other  wings 
C  and  D,  which  belong  to  the  other  Peftle  are  applied  to  the 
two  other  oppofite  faces  of  th t  fame  Axis:  If  we  would  then 
have  three  Peftles  and  fix  wings,  we  muft  cut  the  Axis,  or 
Tree,  into  6  panes,  or  fides,  and  if  we  would  have  four,  we 
muft  cut  it  into  8  fides,  unlefs  we  apply  two  Peftles  on  the 
fame  face,  and  then  there  needs  but  half  of  the  faces  to 
the  tree. 

Q^q  B  uf 
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.  But  it  muff  be  obferyed  that  we  do  not  place  the  wings  to¬ 
gether,  .which  are  applied  to  the  fame  "face,  but  to  mingle 
them  with  the  others, :  that  fo  the  Endeavour,  or  effect,  may 
diftribute  it  Mf  equally  on  the  Axis,  or  tree,  that  is  to  fay,  that 
the  railed  Peftles  fjould  not  be  together. 

I  do  not  reprefent  in  this  figure  but  one  of  the  kinds  of 
making  the  motion  ,  equal,  which  is  by  giving  a  crooked  figure 
to  the  wings  which  are  faftned  fo  the  Axis  of  the  Wheel,  and 
by  placing  the  little  Wheels  tip  the  end"  of  the  arm  of  the 
Peftles,  although  there  he  yet  another,  in  making  the  arms 
of  the  Peftles  of  a  curved  or  crooked  figure,  and  in  applying 
the  little  Wheels  to  the  end  of  the  right  wings  of  the  Axis  of 
the  Wheel :  Slit  I  will  explain  thefe  two  kinds  in  the  con- 
ft  ruction  of  the  Curves  or  Crooks.  ^ 

I  have  not  given  here  the  co’njundiion  of  this  fcngin,  nor  the 
manner  of  ftrengthning  all  the  pieces,  his  fufficient  for  him 
that  regards  the  Mechanicks  to  fhew  the  difpofition,.  the  reft.: 
belongs  to  the  Ar  t  of  Carpentry. 

<r  ~  :  ■  tf*  r  -  "  4  r\  f  ,  ;  I  >  ,  -*  -  V  t  ^ 

j 1  < 

The  fir  ft  kind, .  Fig.  201. 

i  v  *  ■  *  ■ 
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The  firft  kind  of  applying  tile  Curve  to  this  Erigift  is  that, 
which  is  reprefemed  in  the  precedent  Figure  y  let  the  point  C 
be  the  Center  of  the  Axis  of  the  great  Wheel,  and  C  A  the 
diftance  from-  the  Center ,  to  the  handle  of  the  Peftles,  on 
the  right  line  C  A"  having  deterfhitfl  the  point  B,  which  is  the 
extream  A  B,  of  the.  arm  of  the  Peftle,  and  which  is  the  Cen¬ 
ter  of  the  little  wheel  which  we  apply  to  the  end  or  extream 
of  the.  arm  ;  and  from  the  center  C,  and  by  the  Radius  C 
having  deferibed  the. circle  B  D,  make  the  Epicycloid  B  V  V  on 
the  circle  B  D.  fop  the  Bafe,  the.  generating  circle  having 
its  center  at  an  infinite  diftance,  that  is  to  fay,  that  the  circum¬ 
ference, of  this  circle  is  a  right  line,  and  that  the  Epicycloid  B  V  V 
Is  the  laft  of  all,  which  Is  alfo  the/  Curve  line  deferibed  by 
the  roling  of  the  circle,  as  is  noted  before. 

Then  from  all  the  points  V  of  this  Epicycloid ,  having  deferibed 
the  circles  ftl,  equal  to  the  circle  EE  of  the  little  Wheel,  the 
Curve  E  N  N  which  touches  all  thefe.  circles  will  be  the  faftiion 
or  form  of  the  arm  of  the  tree,  or.  axis  of  the  Wheel. 

Following  the  fame  method  of  demonftration,  that  I  have 
oblerved  before,  it  is  evident  that  in  whatfoever  Pofition  the: 

arm  1 
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.arm  E  N  N  of  the  a xis,  fhall  he  in  turning  about  its  axis  G,  it 

will  have  always  equality  of  motion  between  the  center  of  the 
little  Wheel  which  rifes  perpendicular, and  the  point  B  which  it 
moves  about  from  the  center  C:  For  if  the  center  of  the.  Jittlp 
Wheel  B  is  tranfpofed  in  H,  following  the  line  B,H 'parallel 
to  A  G  and  perpendicular  to  A  C,  through  the  CurveVE  N  N 
tranfported  in  L  nn  about  from  the  centre  C,,  it  is  evident  that  the 
point  H,  will  be  found  on  the  Epicycloid  B  V  V,  removed  in  K  H„ 
with  the  Curve  ENN  removed  in  L nn:  For  the  fhorrefl 
diftance  from  the  point  H  to  the  Curve  hnn ,  will  be  equal 
to  the  Radius  of  the  little  Wheel  E  F:  But  by  the  Formation 
of  the  Epicycloid  B  V  or  K  H,  the  arch  B  K  of  its  Bafe^  will 
be  equal  to  the  arch  of  its  generating  circle,  which  is  here 
the  right  line  B  H,  which  reprefen ts  alfo  the  way  from  the 
center  B  of  the  little  Wheel,  while  the  fame  point  B  defcribes 
the  arch  BK  :  But  the  ways  BK  and  BH  being  .equal,  and 
the  Powers  equal  applied  in  B,  of  which  the  one  adis  to  the 
end  B  of  the  Leaver  C  B,  and  the  other  to  the  eqd  B  of  the  in¬ 
finite  Leaver  BA,  or  determin’d  to  what  diftance  youpleafe 
in  A,  for  the  length  of  the  Leavers  ought  not  to  be  confider d 
when  the  Powers  are  diredtly-  oppofite  the  one  to  the  other, 
it  will  follow  that  you  will  have  on  every  fide  an  Equilibrium 
between  the  two  equal  Powers.  ;  .  ^ 

We  do  not  confider  here  therubing.or  wearing  of  the 
handle  of  the  Peftle  throughout  the  hollowing  of  the  wood  it 
runs  in,  for  to  make  it  raile  perpendicular,  for  we  fuppofe  that 
the  Bodies  are  exceeding  fmooth,  and  that  the  rubing  or  wear¬ 
ing  hinder  not  in  any  manner  the  motion,  : 

'  ■  '  '  V  '“IT  'l  . ' 

The  Second  kind .  Fig*  202. 

In  the  Second  manner  it  mud  be  that  the  arm  of  the  P.eftle 
Is  of  a  curve  figure,  and  that  the  little  Wheel  is  applied  to 
end  of  the  arm  of  the  Tree,  or  Axis  of  the  Wheel. 

The  figure  of  this  arm,  or  wing^  is  not  determined  :  Since 
there  is  no  regard,  but  to  the  length  from  the  axis  of  the  tree, 
even  to  the  centre  of  the  little  Wheel,  which  works  on  the 
arm  of  the  Bar,  or  Peftle  ;  it  behoves  only  to  take  heed  that 
the  Figure  as  C  KD,  which  we  give  to  this  arm.  or  whig, 
hinder  not  the  motion  of  the  arm  of  the  Peftle* 

Let 
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Ler  then,  as  before,  the  handle  of  the  Peftle  be  A  G,  and  the 
center  of  the  Axis  C,  having  drawn  the  Perpendicular  C  A  on 
A  G,  markon  A  C  the  Radius  A  B  of  the  little  Wheel,  and  by 
the  point  B  draw  the  line  B  E  parallel  to  A  Gr  which  will  be 
the  Bafe  of  the  Cycloid  B  V  V,  whofe  generating  circle  will 
have  the  length  C  B  for  its  Radius:  If  from  all  the  points  V 
of  this  Cycloid,  we  defcribe  the  circles  N  equal  to  thofe  of 
the  little  wheel,  the  Curve  line  N  N  which  touches  all 
thefe  circles  will  be  the  Figure  of  the  crooked^  arm  which  we 
ought  to  apply  to  the  handle  of  the  Peftle. 

*Tis  evident  by  the  generation  of  the  cycloid,  that  if  re¬ 
move  the  cycloid  B  V  on  its  bafe  B  E,  in  what  place  foever 
his  placed,  as  in  E  D  u,  the  end  B  of  the  Radius*  €B  being  re- 
moved  by  the  cycloid  in  D,  the  arch  B  D  will  be  equalin 
length  to  the  right  line  B  E  of  the  bafe  5  but  if  in  (lead  of  the 
cycloid  we  ufe  the  curve  N  N,  we  fee  clearly,  as  in  the  pre¬ 
cedent  propofitions,  that  this  curve  will  make  the  fame  way 
to  the  pointB,  from  the  end  of  the  Radius  C  B;  in  rencoun- 
tring  the  little  wheel  A  F,  whofe  center  is  in  B  3  for  the  curve 
nn  which  rencounters  the  little  wheel,  cannot  advance  its 
center,  or  make  it  move  forward,  but  from  the  diftance  of 
that  center  to  the-  eydoid,  which  is  that  from  the  Radius  of 
the  little  wheef :  But  as  thefe  motions,  or  movements,  are  every 
where  equal,  there  will  be  an  Equilibrium  between  the  two 
equal  powers' applied,  as  in  the  precedent  example,  which  does 
not  require  any  long  explication  after  that  which  I  have  faid 
of  other  Engins. 

There  is  only  in  this  cafe  one  difficulty  for  the  con  ft  ru  <3 ion 
of  this  En gin 3  for  as  it  is,  that  the  little  wheel  lays  hold  on 
the  arm  of  the  Peftle  below,  if  the  arm  of  the  Axis,  or  Axle- 
tree,  which  carries  the  little  wheel,  be  light  or  ft r eight,  it  ren¬ 
counters  the  curve  before  that  the  little  wheel  touches  it;  we 
muft  then  bend'  or  make  crooked  the  arm  a  little,  as  the  line 
H  K  D  Ihews  3  vo  the  end  that  the  little  wheel  begin  to  ren¬ 
counter  the  curve  F  N  N,  when  its  center  B  is  in  the  line  C 
A:  But  as  it  is  difficult  to  make  thefe  forts-  of  curves  H  K  D, 
unlefs  it  be  of  Iron,  we  may  alfo  make  to  ferve  an  arm  every 
way  right  or  (height  which  f hall  bear  or  carry  the  center  D  of 
rhe  Hale  wheel,  but  then  the  arm  muft  be  double,  and  the 
little,  whed  muft  be  applied  between  two  to  the  end,  for  the 

crooked. 
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crooked  arm  of  the  peftle  FNN  will  pafs  between  thefe  two 
fbreight  pieces  which  bear  the  little  wheel. 

We  mu  ft  obferve  here,  as  in  all  the  other  Engins,  that  the 
little  wheel  be  Email  j  for  when  the  crooked  arm  which  it  ren¬ 
counter  or  meets,  ceafes  to  work  by  a  perpendicular  line  drawn 
from  the  center  of  the  little  wheel  to  the  curve,  it  ought  to 
ceafe  in  the  Rencounter,  or  difcontinue  to  meet  ir,  which  is 
not  poftible,  becaufe  it  ferves  but  one  part  of  the  Curve:  It 
happens  then  that  the  extream  of  the  arm  works  ftill  by  its 
point  on  the  little  wheel,  in  making  it  turn  on  its  center  until 
it  be  entirely  got  away,  and  in  the  motion,  the  Equilibrium  be¬ 
tween  the  powers  is  not  found  any  moie,  which  is  a  defect  in 
the  Engin,  which  we  muft  avoid  and  leften  by  making  the  lit¬ 
tle  wheel  of  a  Email  Diameter. 

P  R  0  P  0  S.  XI. 

Of  the  Length  and  Difpofition  of  the  Teeth  of  Wheels . 

Fk.  ao2.T  Have  already  demonftrated,  that  it  is  not  neceflary 
1  that  the  teeth  be  equally  diftributed  on  the  wheel, 
when  they  are  of  a  regular  figure  to  make  them  aft  equally 
one  with  tother  }  for  if  we  have  but  one,  it  whl  be^as  if  vie 
had  more  which  work,  the  powers  applied  to  thefe  wheels 
aft  always  in  the  fame  reafon  or  proportion,  the  one  with  re- 
fpecft  to  the  other.  But  we  muft  take  heed  that  when  one 
tooth  as  O  N  L,  which  rs  cut  as  L,  ceafes  to  work  on  the  other 
Tooth  P  Z,  that  is  to  fay,  when  the  Touchant  in  L  of  the  curve 
O  N  L,  is  alfo  Touchant  in  the  fame  point  L  of  the  curve  P  Z  of 
the  other  tooth,  there  muft  be  two  other  already  of  the  two; 
wheels  which  work  together  j  foi  other  wile  the  ex  ti  earn  L  of 
the  tooth  N  L  rencountring  It  ill  only  by  the  pome  L,the  curve 
PZ  will  not  be  moved  as  before,  and  the. motions  of  the 
two  wheels  will  not  be  equal  between  themfelves;  It  is  nav 
poftible  in  this  cafe  to  rectify  the  motion  in  feeking  the  figur  e 
which  rightly  agrees  with  the  Teeth  of  the  wheel  A,  to  make 
the  point  L  worK  equally  on  the  i  ooth  P  Z ;  for  the  point  L 
rencounters  the  Tooth  P  Z,  in  the  fame  points  where  it  alrea¬ 
dy  is  rencountred  by  the  curve  N  L.  But  when  another  tooth 
begins  to  work, or  hath  workt  already, when  the  point  L  ceafes 
to  work  regularly  on  the  Tooth  P  Z,  the  point  L  ceafes  alia 
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to  rencounter  the  tooth  P  Z;  but  becaufe  the  wheel  to  which 
’tis  faftned  is  moved  always  with  an  equal  motion  by  the  ren¬ 
counter,  or  meeting  of  the  other  teeth  of  the  wheel  C,  which 
makes  it  go  further  than  the  point  L  alone  fhould  do,  for  this 
wheel  A  will  have  always  the  fame  way,  as  if  the  Tooth  PZ 
fhould  be  rencountred,  or  met,  by  the  curve  ON  L  prolong¬ 
ed,  or  lengthned  3  then  the  point  L  will  remove  afide  from 
the  tooth  P  Z,  and  they  wall  work  together  only  fo  much  as 
they  can  do  it  regularly,  which  is  a  great  .advantage  to  an 
Engin. 

We  ought  alfo  to  take  heed  that  the  Teeth  of  one  wheel  ren¬ 
counter  not  thofe  of  the  other  wheel  above  the  points,  where 
they  ought  to  begin  to  work,  that  is  to  fay,  towards  G,  above 
the  line  A  C, which  joins  the  centers  of  the  w?  heels  for  the  rea- 
fon  of  rubing  or  wearing,  as  I  have  already  taken  notice  of 
before, for  the  ruhings  Which  are  made  of  bodies,  which  go  one 
on  another  are  always  very  great,  and  on  the  contrary  thofe 
that  are  made  by  flipping,  are  very  inconiiderabie,  wdierefore 
we  ought  to  difpofe  the  Teeth  in  fuch  manner,  that  they 
trouble  nor,  nOr  hinder  one  another  before  they  begin  to  work, 
and  that  there  be  a  convenient  length  and  depth  given  them, 
for  power  to  difengage  themfelves  eaflly  the  one  from  the 
.other. 


We  may  yet  note,  as  I  have  done,  that  the  part  of  the  tooth 
which  w  orks  nor,  may  have  wfliat  figure  you  pleafe,  and  that 
w7e  ought  only  to  leek  thofe  which  gives  it  moll  conflancy  or 
fiedfaiineis,  and  which  may  ferve  for  difingagement.  Never- 
thelefs  it  is  left  to  be  done  as  workmen  life  in  their  common 
difcoveries  of  giving  to  teeth  the  lame  figure  of  both  fid es,  as 
well  to  inure  to  make  thefie  teeth  all  equal,  as  to  ferve  alfo  to 
the  motion  of  the  Wheels,  when  we  would  make  them  turn 
in  a  fence;  contrary  to  that  which  is  necflary  for  the  ufe  of  the 
Engin;  wiiich  \ye  are  oblieged  to,  ofi-tinies  in  the  building 
and  taking  of  them  too  pieces. 


PRO?  OS. 


Book  X.  Mechanic^  Power  s.  303 

PRO  P  0  S.  XII. 

To  make  an  pyifiyi  which  jerves  to  move  fever al  Sawes  for 
the  fawing  of  Stones,  Fig.  204. 

AB,  is  a  Frame,  or  Shas,  in  manner  of  a  fquare  figure,  which 
may  move  eafily  from  C  towards  B,  and  from  B  to¬ 
wards  C,  being  kept  within  a  kind  of  hollow  gutter  of  wood, 
in  which  it  moves  on  little  wheels  which  are  faftned  to  a  piece 
beneath  :  In  this  Frame  you  have  two  pieces  of  wood  joined 
at  right  angles  in  G  and  in  F,  with  the  pieces  of  the  Frame  A 
M,  C  B,  and  which  are  detained  by  two  bonds  or  braces  from 
die  fides  of  the  Frame,  there  mu  ft  be  alfo  in  the  two  other 
angles  of  the  frame  two  bonds  or  braces  in  D  and  in  E,  which 
ferve  to  ftrengthen  it. 

In  the  middle  of  this  Frame  there  muft  be  a  Triangle  of 
wood  H  I  K,  which  is  fuftained  in  the  middle  on  a  large  piece 
of  Timber/  or  Axle-tree  L,  on  which  it  is  well  flayed,  and 
when  this  large  piece  of  Timber,  or  Axle-tree,  turnes,  the 
angles  of  the  Triangle,  which  are  furnifht  with  froall  little 
wheels  in  I  K  H,  come  to  rencounter  the  pieces  of  wood  G  F 
one  after  another,  making  the  frame  A  B  to  move  rrotn  one 
fide  to  the  other  in  the  hollow  gutter,  by  forcing  it  in  G,  and-: 
‘afterwards  in  F. 

Towards  the  ends  of  the  pieces  of  wood  A  M,  C  B,  there 
muft  be  two  rods  of  Iron,  as  M  B,  which  muft  be  well  faft¬ 
ned,  which  muft  bear  two  hands  of  iron  N  O,  which  may  run 
along  thefe  rods  of  Iron,  where  they  are  engaged  at  one  end, 
and  on  the  other  they  are  well  faftned  to  one  of  the  arms  of 
the  faw  P.  Whence  It  appears,  that  when  the  Frame  Is  mo¬ 
ved,  it  makes  the  faws  P  to  move  which  are  on  me  two  fides 
of  the  frame  3  and  according  as  the  faw  works,  the  hands 
defcend  by  running  a  long  the  rod  M  B. 

According  to  the  force  of  the  power  which  turns  the  axle- 
tree  L,  we  may  apply  many  Triangles,  as  H  I  K,  which  will- 
make  to  move  fo  many  Frames,  as  A  B,  which  makes  to  go,, 
twice  as  many  Saws. 

The  little  wheels  which  are  applied  to  the  angles  of  the 
Triangle,  and  which  faciilitate  the  motion  of  the  frame,  are 
of  great  ufe,  becaufe  they  take  away  the  robing,  which  would. 

be 
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be  made  againft  the  pieces  G  F,  if  there  were  none  but  the 
angles  of  the  Triangle  which  hit  againft  them.  But  although 
thefe  little  wheels  are  applied  to  the  angles,  the  motion  is  ne¬ 
ver  thelefs  unequal ;  and  for  to  make  it  equal,  it  behoveth  that 
the  faces  of  the  pieces  G  F  which  are  rencountred,  or  hit  a- 
gain  11  by  the  little  Wheels,  mull  be  formed  in  a  crooked  line, 
which  is  demonllrated  and  explain’d  all  along  before  in  the 
Treat ife  of  Epicycloids. 

.Fig.  How  to  make  the  bending  of  the  face  of  the 

pieces  G  F ;  from  the  centre  L,  and  with  the  radius  L  1,  equal 
to  the  dillance  which  is  between  the  axis  of  the  tree  L  of 
the  Engin,  and  the  centre  of  the  little  wheel,  having  deferi- 
bed  the  circle  I  F,  draw  a  part  of  the  Cycloid  I  S  on  the  right 
line  I  Q^3  which  touches  the  circle  in  I,  and  which  wail  be 
the  bale  of  the  Cycloid,  the  circle  I  F  being  the  generator, 
and  the  beginning  of  the  Cycloid  being  in  I  •  then  on  all 
the  points  of  the  Cycloid,  as  a  centre,  deferibe  the  circles  R 
which  muft  be  equal  to  the  little  wheel,  and  you  may  draw 
the  line  R  R,  which  will  touch  all  the  circles  towards  the  con¬ 
vexity  of  the  Cycloid.  The  line  R  R  will  be  the  bending  of 
the  face  of  the  pieces  GF  :  We  may  prolong  the  line  RR 
towards  V,  adding  to  it  a  part  of  the  right  line,  even  to  the 
place  where  it  is  fakned  in  the  piece  A  M  of  the  frame:  You 
mult  obferve,  that  the  little  wheel  in  working  ought  to  ap¬ 
ply  it  felf  in  the  curve  or  bending  R  R,  in  the  fame  manner 
that  the  circles  R  R  are  placed,  that  is  to  fay,  that  the  pieces 
G  F  ought  to  be  a  little  more  bending  tovraids  the  middle  of 
the  Frame. 

P  R  0  P  0  S.  XIII. 

To  change  the  direction  of  Motions ,  or  Movements ly  the 
weans  of  toothed  Wheels.  Fig.  zo 6. 

LEt  the  wheel  be  A  B  which  turns  on  a  vertical  Tampin  Q 
whofe  teeth  are  placed  perpendicularly  on  the  plane  of 
the  Wheel.  '  1 

If  we  would  move  this  Wheel  A  B  Horizontally,  by  means 
of  the  arm  D  E,  and  that  its  teeth  rencounter,  and  enter  in  the 
Spindles  of  the  Lanrern  G  E,  which  moves  on  its  Horizontal 

Tampin 
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Tampin  M  N,  it  is  evident  that  the  Horizontal  movement  of 
the  Power  applied  to  the  arm  D  E  will  be  changed  into  a  ver~ 
deal  movement  or  motion  about  the  Tampin,  or  the  Axle-tree 
M  N,  of  the  Lantern. 

Alfo  by  means  of  an  Horizontal  motion  we  may  raife  the 
weight  P,  whofe  Chord  is  wound  about  the  Roll  O, which  hath 
its  axle-tree  common  with  that  of  the  Lantern  F  G. 

But  if  inftead  of  the  Lantern  F  G,  whofe  fpindles  are  pa¬ 
rallel  to  its  axle-tree,  we  would  make  another,  as  H  I,  whofe 
Spindles  are  inclined  to  the  axle-tree  K  L,  in  what  angle  we 
pleafe ;  it  is  evident,  that  the  horizontal  motion  of  the  power 
applied  to  the  arm  of  the  wheel,  will  be  changed  into  a  mo¬ 
tion  inclined  to  it,  in  what  angle  one  will  about  the  axle-tree 
KL. 


Only  note,  that  the  Spindles  of  the  Lantern  H  I,  which 
rencounter  the  teeth  of  the  wheel  A  B,  muft  find  themfelves 
places  horizontally  in  the  rencounter, to  the  end,  that  they  may 
be  applied  in  the  fame  manner,  as  if  this  Lantern  were  like  to 
the  other  GF. 


P  R  0  P  0  S.  XIII.  Fig.  207. 

The  defer  ipt  ion  of  a  Wind- mill, together  with  the  Computati¬ 
on  of  the  j or  ce  of  the  Wind  on  its  fails . 

THey  are  commonly  of  two  forts,  but  they  differ  not  but 
in  this,  that  in  the  one  the  whole  body  of  the  mill  turns 
on  a  Tampin,  to  expofe  the  fails  to  the  wind  ,  in  the  other,  the 
body  is  of  ftone,  and  none  but  the  upper  part  turns  to  expofe 
die  fails  to  the  wind.  In  thefe  the  Lantern  and  the  hones 
ought  to  be  placed  in  the  middle  of  the  Tower,  that  the  teeth 
of  the  Wheel  in  all  their  different  Pofuions  may  rencounter 
always  equally  the  Spindles  of  the  Lantern. 

A  B  is  the  great  Axle-tree,  at  whofe  end  the  Sails  are  faftned, 
and  which  ferves  for  an  axle-tree  to  the  Wheel  C  D.  The 
teeth  of  the  Wheel  C  D  enter  into  the  Spindles  of  the  Lantern 
E  F,  whofe  Axle-tree  G  H  N  is  vertical,  and  which  being 
flayed  by  the  upper  ftone  I  K,  makes  it  turn  on  that  beneath 
L  M,  which  is  immovable. 

So  that  the  vertical  motion  of  the  Sails,  and  of  the  Wheel  is 
converted  into  the  Horizontal  motion  of  the  ftones. 

R  r  The 
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The  Wheel  hath  commonly  48  Teeth,  and  the  Lantern  1  o 
Spindles,  fo  that  each  turning  round  of  the  Wheel,  or  of  the 
fails,  caufes  near  5  turnings  round  of  the  (tones  to  be  made ; 
whence  you  may  obferve,  that  perhaps  the  hones  make  not 
the  whole,  or  more  than  one  turning  round,  in  one  Second  of 
time,  and  by  contequence  the  fails  will  alfo  make  one  .turn- 
ing  about  in  £  feconds:  Theiefore  if  the  wind  oe  to  violent, 
we  abate  one  part  of  the  fails  to  reduce  them  from  this  fwirt- 
nefs.  _ 

It  is  not  likely  that  the  ordinary  manner  cf  ufing  the  force 
of  wind,  to  turn  the  Hones  of  mills  is  the  mod  advantageous 
that  is  poffible  to  be  found,  which  is  that  which  hath  obiieged 
many  a£tive  workmen  to  feek  after,  other  forts  of  Mills  to 
the  wind,  and  above  all  the  Horizontal,  to  the  end  that  the 
fails  may  be  expofed  diredtly  to  the  wind,  and  profit  by  all  its 
force  j  but  all .  thefe  forts  of  inventions  have  not  profpered. 
We  may  perhaps  believe  that  the  Wind-mills,  fuch  as  we  have 
feen  were  not  made  at  firft  fight  in  the  perfection  that  they 
are  at  prefent,  but  that  the  continual  life  which  is  made  of 
them,  hath  made  many  defaults  to  be  feen,  which  One  amends 
afterwards,.. 

Behold  the  Computation  of  the  force  of  wind  againft  the 
fails  of  a  mill,  according  to  the  inquiry  which  was  made  by 
Mr.  Marict ,  in  his  book  of  the  Motion  of  Waters. 

Fig.  zo8.  A  B  reprefents  in  this  Figure  the  Axis  or  Axle- 
tree  of  a  turned  Cylinder,  and  the  Rule  GH  a  crofs  at  right 
angles  :  And  I  L  is  another  rule,  placed  perpendicularly  on  the 
firft  G  H,  and  flayed  alfo  in  the  Cylinder. .  M  N  O  P  is  a  final! 
thin  table,  even  as  the  precedent  Rules,  which  is  likewife  placed 
perpendicularly  on  the  Axis  A  B,  and  Bias  fo,  that  it  makes 
with  it  an  angle  of  45  degrees,  and  with  refpeS  to  the  Rule. 

©  H. 

If  we  fuppofe  now  that  one  Call  of  water  beat  directly 
againft  the  Rule  I  L,  towards  the  point  Qj  and  that  it  turns  • 
the  Cylinder  according  to  the  order  of  the  letters  ab  c  d, 
but  that  the  weight  R  placed  towards  the  end  H,  of  the  Rule 
G  H,  makes  an  Equilibrium  with  the.  force  of  the  call  of 
water  Q,  that  is  to  fay,  that  it  hinders  the  Cylinder  from 
turning ;  It  is  certain,  that  if  the  fame  call  of  water  beat 
againft  the  Table  M  O,  alfo  in  the  point  S,  which  being  alio 

foiar  removed,  from  the  Axis  of  the  Cylinder,  as  the  point  Q, 

2nd 
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.and  that  the  direction  of  this  Cad  be  perpendicular  to  the 
Table,  it  cannot  foppoYt  the  weight  R,  becaufe  that  its  dirediion 
will  not  be  according  to  the  motion  of  the  Rule  I  L,  which 
is  in  a  plane  perpendicular  to  the  Axis  A  Bj  but  it  cannot  at 
chat  time  fupport  that  weight  which  fhall  be  to  the  weight  R, 
as  the  fide  of  a  Square  to  its  Diagonal 

And  if  the  fame  Cad  is  parallel  to  the  Axis  A  B,  and  that  it 
hit  againd  the  Table  M  O  in  the  fame  point  S,  it  mud  dill 
diminifhin  its  attempt  in  the  fame  Proportion  of  the  fide  to 
the  diagonal  of  a  fquare,  becaufe  that  this  Cad  fails  obliquely 
againd  the  Table  under  an  angle  of  43  degrees. 

It  is  then  evident,,  that  this  double  reafon  of  diminution 
ought  to  reduce  the  weight  R  to  its  moyety,  or  half  part. 

Now  the  wind  which  beats  againd  the  fails  of  a  Windmii, 
beats,  or  blows,  obliquely,  and  if  it  rencounters  each  fail  under 
an  angle  of  45  degrees,  it  follows  then  from  what  hath  been 
faid,  that  it  will  not  have  but  a  moyety  of  the  force  which  k 
would  have,  if  it  rencountred  direftly,  and  if  the  fail,  be  pla¬ 
ced  on  the  Axle-tree,  as  the  Rule  I  L  on  the  Axis  A  B.  If  we 
fuppofe  then  that  the  whole  force  of  the  wind  be  as  80,  it  will 
be  redcuced  to  40  for  rhefe  twro  caufes. 

But  there  is  yet  one  caufe  of  Diminution  of  the  force  which 
c  mies  from  the  fame  obliquity,  for  it  will  have  a  lefs  breadth 
of  wind  which  rencounters  the  furface  of  the  fail,  than  if  it  had 
been  diredily  oppofite,  and  this  diminution  will  be  dill  in  the 
fame  reafon,  or  proportion,  of  the  fide  of  a  Square  to  its  dia¬ 
gonal,  which  will  in  the  end  reduce  the  whole  force  the 
wind  meafured  by  80,  to  2 8 

Bur  if  the  obliqui  ty  of  the  fail  is  lefs  than  45  degrees,  that 
is  to  fay,  if  it  is  more  expofed  to  the  wind,  whereof  we  fup¬ 
pofe  the  direction  parallel  to  the  axis  A  B,  and  that  the  angle 
be  of  60  degrees  on  one  fide,  and  30  on  the  oppofite,  then  the 
drd  caufe  of  diminution  reduces  the  force  from  8 o  to  the 
moyety  40,  but  the  two  others  unlike,  for  they  reduce  nor  bur 
from  40  to  3 1  very  nigh  ;  which  gives  us  to  underdand,  that 
it  is  better  that  the  fails  of  windmils  have  this  obliquity  than 
that  of  43  degrees. 

By  thefe  fuppofitions  of  Mb  Mariots ,  if  the  fwiftnefs  of  an 
indifferent  wind  is  of  24  feet  through  each  fecond  of  time,  as 
one  may  know  by  experience  3  one  wing  or  fail  diredtly  oppo¬ 
fite  to  the  wind,  and  which  hath  144  feet  in  its  fuperfictes 

R  r  z  wih 
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will  fuftain  a  weight  of  1 1  o  pounds,  if  the  a i fiance  from  the 
fupport,  or  the:  centre  of  motion,  as  the  Axis  A  B  in  the  pre¬ 
cedent  Cylinder,  even  to  the  place  as  R,  where  the  weight 
is  placed,  is  of  n  feet  from  the  fame,  as  the  diftance  from  the 
centre  of  the  fail. 

But  if  the  fail  have  only  6  feet  in  breadth,  and  24  feet  in 
length,  it  will  have  the  fame  fuperficies  of  143.  feet,  and  its 
Centre  will  beaifo  12  feet  from  the  Axis;  wherefore  it  wifi 
ftiftain  as  yet  the  210  pounds,  having  12  feet  of  diftance  from 
the  Axis:  But  if  the  diftance  from  the  axis  to  the  Centre  of 
the  fail  is  of  feet,  it  will  fuftain  262  pounds  and  — 

But  through  thefe  three  caufes  of  diminution  they  fuppofe 
the  angle  of  the  fails  of  60  degrees,  with  the  Tree,  or  Axis’ 
where  they  are  faftned;  the  force  of  the  wind  reduces  it  felf 
to  fuftain, s  101  pounds  and  having  feet  of  diftance  from 
the  Axis :  And  becaufe  there  are  four  fails,  the  force  of  the 
windwill  fuftain  407  pounds  at  the  diftance  of  1 5  feet  from  the 
Axis  of  the  fails. 

But  the  femidiameter  of  the  wheel  being  fuppofed  of  four 
feet,  if  we  make  it  as  4  to  154  fo  407  to  1526,  this  will  be 
the  number  of  the  pounds  which  meafures  -  the  force  of  the 
wind  againft  the  Spindles  of  the  Lantern,  in  the  fuppoftdon 
that  it  makes  24  feet  in  one  fecond  ;  there  is  no  regard  of  the 
robing,  or  wearing,  in  all  thefe  Calculations.' 

In  thehorizontal  Mills  you  cannot  have  about  but  one  fail, 
againft  which  the  Wind  aefts  diredily,  and  it  muft  be  made  of 
an  extraordinary  gi  eatnefs,  for  to  caufe  the  fame  effedt  as  the 
4  vertical  fails  of  ordinary  Mills,  as  •  his  eafy  to  compute  by; 
the  precedent  5uppofitions. . 

P  R  O  P  0  S.  XI v;  Fig.  209, 
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©f  Wheels,  and  of  Lanterns ,  .with  their  Elbows,  or  crooked 

Axes,  for  the  moving  the  Suckers  of  Pumps,. 

IF  the  power  turns  the  wheel  vertically,  we  rnuft  only  bend 
the.  ends  of  its  Axis;  as  you  fee  here  in  the  figure  GH. 
But  if  the  motion  of  the  power  he  horizontal,,  as  if  it  be  ap¬ 
plied  to  the  arm  C  D  of  an  horizontal;  wheel  A  B,  you  muft 
adjuft  the.  Lanterns  E  F,  fo  that  their  Spindles  eater  in  to 

the 
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the  teeth  of  wheel,  and  that  their  crooked  axes  may  work  the 
dfedl  that  we  defire. 

In  each  crook  of  the  Axis  you  may  put  a  kind  of  little  ring 
I,  which  is  faftned  to  the  end  of  the  Iron  of  the  fucker  Kh  fo  that 
in  the  motion  of  the  Lantern,  the  crooks  of  the  Axes  raife  them 
and  let  them  fall  alternatively, or  by  turns  one  after  another, thefe 
raife  and  deprefs  the  Peflles,  or  Irons,  to  which  the  Suckers 
are  fafined  in  the  body  of  the  pump,  this  alfo  makes  it  give  one 
ftroke  of  the  Iron  to  each  turn  of  the  Lanterns. 

We  may  make  the  diameter  of  thefe  Lanterns  a  fifth-  part 
very  nigh  of  that  of  the  great  wheel,  to  the  end,  that  for  each 
going  round  of  the  great  wheel,  the  Lanterns  may  make  five. 
But  however  commodious  this  Proportion  is,  we  will  nor 
make  a  Rule,  becaufe  it  mull  have  regard  to  the  fwiftnefs  of 
the  power  which  may  be  too  great  for  this  proportion,  and 
which  will  move  the  Rods,  or  Peltles,  too  nimbly. 


PROP  OS.  XV. 

In  toothed  Wheels  the  number  of  Teeth  muft  not  contain  ex* 
allly  fo  many  times  the  Teeth  of  the  Pinions,  or  Spin — 
dies  of  the  Lanterns  to  which  they  are  applied. 


THis  Rule  concerns  only  the  execution,  and  we  ought  to 
have  regard  to"  make  it  fo,  that  the  teeth  of  the  wheels 
do  not  always  rencounter  the  fame  teeth  of  the  Pinions,  for 
when  they  rencounter,  or  meet  different  ones,  they  grow 
perfect  in  rubing  and  in  ufing  rhemfelves  one  again!!  the  ou¬ 
tlier,  and  by  degrees  they  make  very  nigh  the  figure  which 
behoves  them,  for  to  ait  equally  in  their  different  rencountes^ 
and  in  the  different  lengths  from  their  Axes,  which  is  explain-- 
cd  in  the  Treatife  of  Epicycloids  betore. 

It  behoves  to  pta&ice  this  Rule  exactly,  that  the  number 
of  the  teeth  of  the  Wheels,  and  o i  the  Pinions,  mull  be. 
Primes  between  themfelves,  that*  is  to  fay,  that  they  do  not 
admit  of  any  other  common  meafure  than  Unity,,  and  fo  the 
fame  tooth  of  the~  little  Wheel,  or  Pinion,  rencounters  not 
the  feme  tooth  of  the  great  Wheel,  but  after  that  the  little 
one  hath  made  fo  many  revolutions,  or-  turns,  as  there  are 
teeth  in  the  great  wheelv  - 

Bui. 
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But  becaufe  there  is  but  little  difficulty  to  make  one  divi^ 
fion  of  two  prime  numbers,  we  may  make  the  number  of 
teeth  of  the  great  Wheel  3  for  example,  of  48  or  6 o,  and 
thole  of  the  Pinions  of  6  or  8,  and  in  the  Mills,,  the  great 
Wheel  of  48  teeth,  and  the  Lantern  of  10  Spindles,  to  the 
end  that  the  fame  teeth  may  meet  as  few  times  as  is  poilibie  3 
for  if  the  Wheel  have  60  >  and  the  Pinion  6,  the  lead  num¬ 
bers  which  keep  the  fame  proportion  will  be  10  and  r, 
wherefore  the  fame  teeth  of  the  Pinion  of  6,  rencounter  not 
them  of  the  Wheel  but  after  10  revolutions  3  and  if  the 
great  Wheel  have  60,  and  the  Pinion  8,  the  teeth  of  the 
Pinion:  rencounter  not  the  fame  teeth  of  the  Wheel,  till  after 
1 5:  revolutions,  becaufe  that  15  and  z  are  the  prime  Num¬ 
bers  between  chemfelves,  which  exprefs  the  relation  of  do 
and  8:  Laftly,  if  the  Wheel  have  48  teeth,  and  the  Pinion 
or  the  Lantern  .10,  the  teeth  of  the  Lantern  rencounter  not 
the  fame  teeth  of  the  Wheel  but  after  24  revolutions,  for 
the  numbers  24  and  £,  .are  the  two  prime  numbers  which 
exprefs  the  relation5  bdS/veen 48  and  iq,  and  ’tis  this  which 
makes  us  fee  that  we  cannot  find  a  number  of  teeth  which 
is  more  proper  for  the  Wheel; Band  for 'the  Lamern  of  Mills, 
for  the  divifion  into  48  parts  is  eafy,  and  may  be  done  very 
exactly,  and  that  of ,  1,0  is  commodious,  and  may  be  re¬ 
duced  to  5, 

'.O  ;•  BO  :)  :  VO  .  •  B  •  •  1  •.  -  '  . 
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Of  oblique  and  interrupted  Movements,  or  Motions. 

Fie;.  TF  the  chord  D  of  the  weight  P,  be  wound  about  on 
a.fo.JL  the  roller  of  the  beam  G,  and  that  the  chord  F 
which  ought  to  draw  the  little  wheel  E,  by  means  of  the 
pulley  L,  on  which  paffes  the  chord  F,  for  to  go  to  fallen' 
it  to  the  top  of  the  little  wheel  E,  pacing  alfo  on  another 
pulley  I,  which  is  faftned  to  the  top  of  the  little  wheel E, 
and  which  is  flayed  at  laft  in  M  towards  the  pulley  L  3  ’tis 
evident,  chat. when  the  roller  turns  round  for.,  to  draw  the 
ctoiS  F,  it  windes  at  the  fame  •  time  the  chord  D, .  which  is 
t wafted  ton  the  roll  G,  in  a  contrary  fence  of.  the  chord  F; 
But  if  the  chord  F  is  twifted  on  the  roll  G  of  6  feet  long,  the 

weight 
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weight  P  defcends  arthe  fame  time  from  6  feet  high,  and  will 
alfo  at  the  fame  time  be  raifed  by  the  motion  of  the  little 
wheel  throughout  the  hollow  it  runs  in. 

But  the  Chord  F  having  been  drawn  the  length  of  6  feetJt 
will  not  make  the  little  wheel  to  advance  bur  3  feet  3  for  as  k 
paffes  through  upon  the  pully  I,  and  is  flayed  in  M,  it  doth 
not  advance  the  pully  I,  and  the  little  wheel  E, which  are  faff- 
ned  together,  but  the  half  of  it?  movement,  or  motion  . 

Wherefore  when  the  chord  F  is  twilled  on  the  Roll  G  of  6 
feet  long,  and  that  the  chord  D  is  alfo  twilled  or  wound  a- 
bout  of  6  Feet  in  length,  the  little  wheel  E  will  not  have  made 
but  3  feet  of  its  way  3  and  by  confequence  the  weight  P  wiM 
not  be  raifed  up  again,  but  3  feet  by  the  motion  of  the  little 
wheel  E  3  it  appears  then  to  be  defeended  3  feet,  which  is  fo 
much  as  the  little  wheel  hath  made  of  way  on  the  hollow 
groove,  wherefore  it  defcends  by  this  means  by  half  a  right 
angle,  or  it  defcends  fo  much  as  it  advances. 

Lafliy,if  the  chord  D  which  is  faflned  to  the  round  beam, is 
all  wound  up,  and  that  it  begins  to  wind  it  felf  about  in  the 
fame  fence  as  the  chord  F,  then  the  weight  P  rifes  again  3  but 
it  rifes  three  times  as  much  as  it  advances  towards  L :  For  if 
the  chords  D  and  F  are  wound  about  of  6  feet  on  the  Roll  of 
the  round  beam,  the.  weight  ought  alfo  to  be  raifed  to  the 
height  of  6  feet  by  means  of  the  chord  D,  and  it  ought  alfo  to  1 
be  raifed  3  feet  by  means  of  the  little  wheel  E  which  draws 
it,  and  which  paffes  over  3  feet,  while  that  its  chord  is  drawn 
6  feet  3  then  the  weight  will  be  raifed  9  feet  whilq  that  it  runs 
over  only  3  feet  in  length,  which  is  the  motion  of  the  little: 
wheel  E. 

But  when  thechord  D  is  wholly  wound  of  the  round  beam,  or 
cyciinder,  and  that  the  weight  begins  to  rife,  if  you  make e 
a  flop  to  the  chord  F,as  in  R,  in  place  which  it  paffes  at  that 
time  over  the  pulley  I,  fothat  the  cord  cannot  any  more  turn 
on  the  pulley,the  fame  thing  will  happen  as  if  it  were  faflned  i 
at  the  top  of  the  little  wheel  E,  and  the  weight  will  be  raifed  < 
6  feet,  by  the  motion  of  its  chord  D,and  6  feetby  the  motion 
of  the  littlewheel  E,it  will  then  have  run  over  6  feet  in  length  * 
hanging,  while  it  is  raifed  12  feet. 

Now  if  the  parts  of  the  Roll  of  the  round  beam  on  which  < 
the  cords  D  and  F  are  wound,  are  of  different  diameters,  it 
will  make  the  movements  or  motions,  different, and  in  different  ; 

pro- 
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proportions  of  thofe  which  I  come  to  explain;  but  it  will  be 
eafy  to  determine  them,  the  Diameters  being  given,  or  elfe 
the  motions  being  propofed,  it  will  be  eafy  to  find  the  Diame¬ 
ters  of  the  Roll  which  will  ferve  them. 

We  may  alfo  by  the  fame  means  make  it  fo,  that  one  part  of 
the  way  of  the  weight  (hall  be  Horizontal,  and  the  other  part 
rife  or  defcend  perpendicularly,  or  obliquely,  which  requires 
no  long  Explanation ;  I  /hall  fay  no  more  of  circular  motions 
in  riling, or  defcending,  feeing  they  only  depend  or  belong  to 
the  figure  of  the  hollow  groove.  There  is  in  an  all  thefe  motions 
many  little  cautions  to  be  obferved,  which  mull  be  left  to  the 
induftry  of  the  Artificer. 

We  may  alfo  make  many  motions  different  andoppofite  the 
one  to  the  other,  with  one  and  the  fame  motion,  by  the  means 
of  pulleys,  referring  from  one  to  another  which  change  the  di- 
region  of  the  motions,  which  ferve  chiefly  to  make  the  changes 
of  the  Decorations,  or  Ornaments,  of  the  two  wings  of  Thea¬ 
tres;  for  one  axis  only  A  (  Fig.  zn.)  which  bears  the  Tam¬ 
bours, or  Cylinders  B  C,  of  different  diameters,  coming  to  turn 
by  means  of  a  counter  poife,  or  weight,  makes  to  advance  to¬ 
wards  the  middle  of  the  fcene  beneath  the  Theatre,  the  falfe 
frames  or  fhafhes  D,  which  bear  or  carry  the  Ornaments  or  De¬ 
corations  by  the  means  of  the  chords  C  E,  B  E,  which  are  faft- 
ned  to  thefe  fhafhes,  or  frames,  and  which  are  wound  about 
on  the  Tambours  in  a  contrary  fence;  Thefe  fame  fhafhes  D 
advancing,  and  thofe  of  G  retiring  at  the  fame  time,  whofe 
place  they  take,  by  means  of  one  or  t  wo  chords  I,  which  are 
faftned  to  thefe  two  fhafhes,  which  pals  above  the  pulleys  that 
refer  from  one  to  another  H,  which  are  thofe  in  the  walls  of 
the  two  fides.  The  motion  or  way  of  thefe  twro  fhafhes  will 
be  more  or  lefs  according  to  the  proportion  of  the  Tambours* 
or  Cylinders,  which  bear  the  cords  of  their  motion. 


moot  x. 
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How  to  raife  a  weight  ly  an  oblique  motion] 

XEt  the  weight  be  P  which  is  to  be  raifed  obliquely  from  P 
to  A,  the  Engin  which  ferves  for  the  movement  being  it 
the  height  of  A. 

Make  a  hollow  groove  A  B  compofed  of  two  pieces  of  wood 
which  are  only  removed  one  from  another,  fo  much  as  to  leave 
room  for  the  chord  to  pafs  freely  which  fuftains  the  weight  P, 
and  which  muft  be  placed  Horizontally  3  the  chord  C  D  H 
which  fuftains  the  weight  P,  isftayed  firmlyin  C  towards  the 
end  B  of  the  hollowing,  and  pafles  in  the  overture  between 
he  two  pieces  of  wood  of  which  ’tis  made 3  it  .pafles  alfo  a- 
bove  the  little  wheel  E  compofed  of  three  pieces,  viz,,  of  two 
little  wheels, or  rollers, at  its  ends,  and  of  one  pulley  between 
two,  on  which  pafles  the  chord  CDH,  Towards  the  end  A  of 
the  hollow  groove  there  is  a  Cylinder,  or  round  beam  G  with 
its  arms  for  to  draw  the  cord  F,  which  is  faftned  to  the  top  I 
of  the  little  wheel. 

’Tiseafy  to  behold  by  the  cotiftru'fitibn  of  this  Engin,  that 
"when  the  chord  I  F  draws  the  little  wheel  E  from  B  towards  A* 
the  weight  P  raifes  obliquely,  or  a  flant,  from  H  to  A,  and  that 
the  elevation  of  the  weight  P  will  be  equal  to  the  length  of  the 
hollow  groove  A  B. 

We  may  alfo  make  it  that  the  Elevation  of  the  weight  P  fhall 
be  in  what  proportion  we  pleafe  with  its  Horizontal  way  3  for 
Example,  that  the  weight  P  be  raifed  10  feet  hanging, while  it 
pafles  over  60  feet  Horizontally. 

For  this  effedt  we  may  place  the  motion  of  the  chord  F,  which 
draws  the  little  wheel  E  from  B  towards  A  at  the  end  B  of 
the  hollow  groove  with  a  pulley  towards  A. 

Alfo  the  round  beam,  or  Cylinder,  being  placed  towards  B 
which  draws  the  chord  F,wi!I  advance  the  little  wheel  from  B 
towards  A.  But  then  it  will  caufe  the  cord  CDH  which  fu¬ 
ftains  the  weight  P  to  be  twitted  on  the  roll  of  die  round  beam, 
and  that  it  will  not  be  faftned  immoveably  in  the  point  C,  as 
before  3  the  place  of  the  roll  where  it  is  twitted,  mutt  have  its 
diameter  fmaller  than  the  fame  where  it  t  wills  the  cord.  F, 
when  the  Cylinder  makes  the  little  wheel  E  to  advance  on  the 

S  f  hollow 


3  1 4  Mechanic 4  Powers!  Book  X> 

hollow  groove, and  then  the  chord  D  will  be  twilled  in  a  con¬ 
trary  fence  to  that  of  the  chord  F,  to  the  end  that  it  may  wind 
off,  as  the  other  twifts  about.  The  proportion  of  the  diameter 
of  the  part  of  the  roll  of  the  round  beam  where  the  chord  F 
winds  about,  to  the  diameter  of  the  other  part  where  the  cord 
D  is  twilled,  or  wound  about,  ought  to  be  as  the  Horizontal 
way  to  the  difference  of  the  two-  ways,  which  is  the  fame  as 
6o  to  4o;or  as  3  to  2.  For  then  when  thechorcT  F draws  (forex- 
ample)  the  little  wheel  E  on  the  hollow7  groove  through  the 
foace  of  6  feet,  that  part  of  the  roll  where  the  chord  D  is  t  will¬ 
ed  will  have  wound  4  feet,  and  by  confequence  the  weight 
P  will  not  be  railed  as  yet  but-  2  feet,  although  it  have  run  o- 
ver  6  feet  of  Horizontal  motion* 

It  will  be  the  fame  thing  for  any  other  proportion  of  Ele¬ 
vation  ;  only  we  muff  Note,  that  if  we  W'ould  have  the  wTeighr 
P  make  a  greater  motion  in  height  than  in  length,  for  exam¬ 
ple,  if  we  would  have  it  rife  3  a  feet  hanging,  wflrile  it  runs  o~ 
ver  but  10  feet  in  length  or  Horizontally,  it  behoves  that  the’ 
diameter  of  the  roll  for  the  chord  F  be  made  to  the  diameter  of 
that  part  of  the  roll  for  the  chord  D,  as  10,  which  is  the  Hori¬ 
zontal  wray,  to  the  difference  20  of  the  two  ways.  For  if  to 
each  bout  of  the  Cylinder  the  chord  F  make  3,  feet  of  w7ay,  the 
chord  D  will  make  9,  for  the  circumferences  of  the  rollsare  in 
the  fame  reafon  or  proportion  as  their  diameters ;  and  by  con- 
fequence.  the  weight  P  rifes  6  feet,  becaufe  of  the  diameters  of 
the  parts  of  the  roll,  and  it  rifes  ffill  3  feet  in.  the  fame  time, 
which  is  equal  to  the  Horizontal  motion. . 

As.  to  the  fwiftnefs  of  the  motion  we  may  give  it  what  we 
pleafe,  for  if  the  cylinder  cannot  draw  the  chords  which  make 
the  motion  with  fo  much  fwiftnefs  as  w  e  require,  it  muff  be 
done  by  means  of  a  counter  weight  very  heavy,  which  we 
may  raife  to  an  height  equal  to  the  Horizontal  motion,  and 
having  faftned  this  counter  weight  to  a  chord  wound  about  on 
the  roll,  where  the  other  chords  which  ierve  to  the  motion  are 
like  wife  twitted,  but  in  a  contrary  fenfe,  when  w?e  let  loofe 
the  counter  weight  it  will  turn  the  roll  with  a  great  fwift¬ 
nefs. 

We  commonly  moderate  this  motion  by  means  of  a  chord, 
which  ferves  to  make  the  tricker,or  detainer,  and  w?hich  being 
applied  againft  any  body  where  it  flips  and  retains  afterwards, 
With  the  hand  we  may  let  it  loofe  to  (uch  a  proportion  of  fwift¬ 
nefs  as  we  would  give  to  the  Engim  This. 
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This  fame  tricker,or  detainer,  ferves  alfo  to  render  the  moti¬ 
on  equal,  which  will  otherwife  be  very  unequal  becaufe  of 
the  acceleration  of  the  counter-weight  in  defending. 

When  one  chord  ferves  it  felf,  of  many  which  are  placed 
one  from  another  for  to  raife  the  fame  weight,  or  which  is 
the  fame  thing,  which  fuftains  it  in  feveral  places,  there  mull 
be  inftead  of  the  little  wheel  E,  a  fhafh  or  frame  ofwood,ufcd 
as  M  M,  in  which  there  mud  be  rolls,  as  N,  which  ferve  with 
the  pulleys  to  pafs  the  chords  above,  thefe  rolls  turn  on  their 
Axes  which  enter  in  the  long  pieces  of  the  fhafh  or  frame.  This 
fhafh  muft  run  along  on  the  two  pieces  of  the  hollow  groove, 
being  drawn  through  the  hook  O  where  we  fallen  the  chord 
which  ferves  to  its  motion  ;  but  it  behoves  that  the  fhafh  be 
kept  on  the  hollow  grooves  that  it  fall  not  from  one  tide  to  the 

other. 

We  may  alfo  inftead  of  the  hollow  grooves,  make  one  chord 
only  to  ferve,  being  well  ftretched  out,  on  which  muft  pais 
a  pulley,  as  R,  which  fuftains  another  S,  which  ferves  to  fu- 
ftain  the  chord  of  hanging  motion  which  the  pulley  R  runs  a^ 
long  in,  in  routing  on  the  chord  which  ferves  for  the  hollow 
groove. 

I  (hall  not  fay  any  thing  concerning  the  manner  of  making 
thefe  hollow  grooves,  and  their  detainer  in  different  places  to 
render  them  folid,  becaufe  it  belongs  to  workmen,  which 

work  in  Carpentry  or  Joynery. 

We  may  alfo  make  of  thefe  forts  of  movements  which  crofs 
themfelves  without  trouble  or  confufion,  for  if  one  ferves  to 
the  fhafh,  as  I  have  explained  before,  it  As  eafy  to  fee  that  the 
hollow  grooves  may  be  cut  and  interrupted  in  any  place  in  a 
fmall  (pace  of  4.  or  5  inches,  which  may  ferve  for  the  pafhng 
of  the  chord  which  fuftains  the  weight,  which  moves  it  felf 
with  a  different  motion  from  that  which, is  borne  on  the  hollow 
groove  which  is  cur  .  without  which  the  motion  of  the  weight 
will  be  hundred  •  for  the  fhafh  having  its  long  pieces  fuppbned 
on  thofeof  the  hollow  groove,  it  may  pafs  eafily  above  the  o- 
verture  of  the  hollow  groove. 

What  I  have  faid  concerning  the  railing  of  Weights,  may  be 
applyed  to  their  defcent. 

r 
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'J  Catalogue  of  Globes,  Cdefial  and  Terre flriaL 
Spheres, ,  Maps,.  Sen-Plats,,  Mathematical  ln~ 
fir  aments, ,  ,  and  Booty,  made  and  Sold  by  J.  Mox- 

on,  at-  the.  Sign  of  Atlas  m  Warvcick-Lane, 
London «... 


\Lob,s  24  Inches  Dimeter.  ■  The  price  io  /.  the  pain 
..Globes  near  i  y  Inches  Diameter.  The  price  ±1 
Globes  9  Inches  Diameter. .  The  price  zl.  ss. 

Globes  8  Inches  Diameter. .  The  pride  2 1. 

vJtnfr5l?h  'Giobe'  inTve”ted  by  dle  Right  Honourable  rifo 
Ezii  ot  Coftlemtan,  12-Inches  Diameter;  the.  price  ordinari- 
made  up  3  /.  beft  made  up  y  k.  F  oiamaiy 

Concave  Hemifpheres  of  the  St  ary  Orb,  which'  fer  ves  for.  a 

fn  ^0^^rrefirlal  Globe  2  Inches  Diamerer,  made  portable 
lor  the  Pocket,  price  15  x..  F  UiC  • 

Spheres,  _  according  to  the  ftokmakk  Syrtem,  14  Inches  Dia- 
metci ,  puce  ^ L 

Spheres,  accordmg.to  tkQiPtQlmakkJSyMm  8  Inches  Diame- 
ter?  prices  i  /,  .10  x. 

Gunters  Quadrant  iz  Inches  Radius-,  Printed  on  Paper  and 
parted  on  a  Board,  with  a  .Nodturnal  on  the  back-iide,  price 


Gmntrs  Quadrant,-  4  Inches  Radius,  Printedrton  Paper  and  - 
pa.ied  on  Brafs,  with  a  No&urnal  on  the.  back-fide  and  a 
woouen  Cafe  covered.. .with  Leather  fit  for  it, .  A  new  Inventi 
on  contrived  for  the  Pocket,  priced*.  l' 

0^'tJ}e  1ferUv  1  °. Foot  ionS>  and.  7  Foot  deep 
parted  on  Cloth  and  coloured  price  z  l. 

°t  One  TVcrld ,  4  foot  long  and  2  foot  deeo  mdr-d 
on  Cloth  and  coloured,  price  101.  in  Sheets  21  6d  P’  P  “  d" 
Sex  Scriptural  Maps,  x.  Of  all  the  Earth,  and  how  after  the 
FIqoc.  it  was  divided  among  the  Sons  of  Noah.  2.  Of  FaradijV 

or , 


or  the  Garden  of  Eden,  with  the  Countries  circumjacent  inha¬ 
bited  by  the  Patriarchs. 

The  40  Years  Travel  of  the  Children  of  Ifrael  through  the 
Wildernefs.  4.  Of  Canaan ,  or  the  Holy  Land ,  and  how  it  was 
divided  among  the  Twelve  Tribes  of  Ifrael,  and  travelled  thro3 
by  our  Saviour  and  his  Apoftles.  5;.  The  Travels  of  St.P^/and 
others  of  the  Apoftles,  in  the  propagating  the  Gofpel.  6.  Je- 
mfalem ,  as  it  flood  in  our  Saviours  time,  with  a  Book  of  Expla¬ 
nations  to  thefe  Map,  Entituled,  Sacred  Geography ,  price  of 
of  the  Maps  6  s.  Book  1  s.  to  be  bound  up  with  Bibles. 

BOOKS 

- 

L  ■  •  -  -  i  ; *  -  •  6  *  *  -  - 

’’Tutor  to  Aftronomy  and  Geography ,  or  the  Ufe  of  the  Globes 
j£\.  Cceleftial  and  Terreftrial  j  by  Jofefb  Moxon ,  A  member  of 
the  Royal  Society,  and  Hydrographer  to  the  Kings  moft  Ex¬ 
cellent  Majefty,  price  $  s-  # 

The  ufe  of  the  Copernican  Spheres y  teaching  to  folve  as  the 
Vhcenomina  by  them,  as  eafily  as  by  the  Vtolomaick  Spheres :  By 
Jofeph  Moxon ,  &c.  price  4^ 

Wright6 s  Correction  of  Errors  in  the  Ah  of  Navigation ,  p .8  s, 

An  Exact  Survey  of  the  Microcofm ,;  being  an  Anatomy  of  the  • 
Bodies  of  Manznd  Woman ,  wherein  the  Skin,  Veins,  Nerves, 
Mufcles,  Bones,  Sinews,  and  Ligaments  are  accurately  deline¬ 
ated  :  Engraven  on  large  Copper  Plates*  Printed  and  curiouily 
parted  together,  fo  as  at  firft  light  you  may  behold  all  the  Parts 
o f  Man  and  Woman  ,  and  by  turning  up  feveral  Diflections  of 
the  Papers,  take  a  view  of  all  their  inwards,  with  Alphabetical 
References  to  the  Names  of  every  Member  and  part  of  the 
Body:  Set  forth  in  Latin  by  Remelius  2nd  Michael  Spaber  of 
Tyrol ,  and  Englifhed  by  John  Ireton  Chyrurgion ;  and  lartly, 
perufed  and  corrected  by  feveral  Artids Now  corrected  by 
Clopton  Havers ,  M.  D.  and  Fellow  of  the  Royal  Society ,  price 
plain  1 5  s.  coloured  il.  10  s. 

A  Tutor  to  Afirology ,  or  Afirology ,■  made  eafie ,  price  1  s. 

The  Ufe  of  a  Mathematical  Inrtrument  called  a  Quadrant , 
price  6  d. 

Mechanick  Exercifes  :  Or,  the  Doctrine  of  Handy  Works ,  in 
nine  Monthly  Exercifes,  The  Firft  Three,  viz,-  Numb.  I, 

Numb, 


Numb.  II.  Numb.  III.  teaching  the  "Art  of  Smithing.  The  Se¬ 
cond  Three,  viz,.  Numb.  IV.  Numb.  V.  Numb.  VI.  teaching 
the  Art  ofjonery.  The  Third  Three,  viz,.  Numb.  VII.  Numl£ 
VIII.  Numb.  IX.  teaching  the  Art  of  Hottfe  Carpentry.  Accom¬ 
modated  with  fui table  Engraved  Figures,  by  Jofeph  Moxon , 
dec.  price  of  each  Monthly  Exercife  6  d. 

Mechanick  Dyalling  •  Teaching  any  man,  though  of  an  ordi¬ 
nary  Capacity,  and  unlearned  in  the  Mathematicks,  to  draw 
a  true  Sun-Dyal  on  any  Given  Plain ,  however  (ituated  ;  only 
with  the  help  of  a  ftraight  rule  and  a  pair  of  Compares  ;  and 
without  any  Arithmetical  Calculation, by  Jof  Moxon ,  p.  is.  6  d. 

MelUficium  Menfionh :  Or,  the  marrow  of  meafuring  com- 
prifed  in  6  Books  with  Copper  Plates,  fhewing  a  new  and 
ready  way  of  Meafuring,  Carpenters,  Bricklayers,  Plafteters 
Joyners,  Glaziers  and  Painters  works,  and  all  Superficies  and 
Solids,  price  bound  3/.  6  d. 

At  the  place  aforefaid,  you  may  have  alfo  all  manner  of 
Maps,  Sea-plats,  Drafts,  Mathematical  Books,  Inftruments, 
&c.  at  thejoweft  prizes. 
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